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1.1 BACKGROUND 

INTRODUCTION 
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On June 29, 1998, Wheeling Pittsburgh Steel Corporation (WPSC) received an Administrative Order 

under Section 3008{h) of the Resource Conservation and Recovery Act (RCRA) from the United States 
Environmental Protection Agency (USEPA) to perform RCRA Corrective Action activities at WPSC's 

Steubenville East Coke Plant facility (Facility) located in Follansbee, West Virginia. The Administrative 

Order requires that WPSC perform the following: 

• Submit Interim Measures Workplans for two locations (Byproducts Plant and Coal Tar 

Pipeline Release Area) and implement those interim measures; 

• Submit a Description of Current Conditions Report; 

• Submit a Pre-Investigation Evaluation of Corrective Measure Technologies; 

• Submit a RCRA Facility Investigation (RFI) Workplan; 

= Implement the RFI Workplan and submit an RFI Report; 

• Submit a Corrective Measures Study report; and 

• Implement the proposed corrective measures. 

WPSC submitted Interim Measures Workplans for the removal of floating free product in the Byproducts 
Plant Area and coal tar in the subsurface at the Coal Tar pipeline Release area, and implemented the 

Workplans shortly thereafter. Those interim measures are ongoing. WPSC submitted a Description of 
Current Conditions Report (DCCR) to USEPA on August 31, 1998. The DCCR was approved by USEPA 

via letter dated June 29, 1999. WPSC submitted a Pre-Investigation Evaluation of Corrective Measure 
Technologies to USEPA in June 1999. That report was approved by USEPA via letter dated August 5, 

1999. WPSC submitted an RFI Workplan to USEPA on November 5, 1999. After several rounds of 
comment letters and responses between USEPA and WPSC, USEPA approved the RFI Workplan via 
letter to WPSC dated August 14, 2003. The final Workplan was submitted to USEPA on September 17, 

2003. The Workplan was implemented by Civil & Environmental Consultants, Inc. (CEC) from May 2004 

through September 2005. 

1.2 PURPOSE AND SCOPE 

This report presents the results of the RFI and is intended to satisfy the RFI Report requirements 
contained in the Administrative Order. Specifically, this RFI Report provides the following: 

, .. 
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• A description of the Facility, including current and historical operations, surrounding land use, 

and hydrogeologic setting; 

• A description of soil, groundwater, sediment, and surface water sampling locations and 

procedures; 

• A summary and discussion of laboratory analytical results for samples collected in the various 

environmental media, including a screening evaluation and discussion of the extent of 

contamination; and 

• A baseline human health risk assessment and ecological risk screening based on the results 

of the site characterization conducted during the RFI. 

1.3 REPORT ORGANIZATION AND FORMAT 

The remainder of this report presents the results of the RFI activities. A general description of the Facility 

is presented in Section 2.0. Section 3.0 presents the environmental setting, including a description of site 

hydrogeology, soils, surface water, and climate. Section 4.0 discusses potential contaminant sources, 

including a description of solid waste management units and waste characteristics. Section 5.0 provides 

a summary of the investigation activities, including a description of sampling and laboratory analysis 

procedures; Section 6.0 presents a screening evaluation of the laboratory analytical results and an 

evaluation of the extent of contamination; Section 7.0 presents the results of the baseline human health 

risk assessment; Section 8.0 presents the results of the ecological risk screening; Section 9.0 presents a 

summary and conclusions; and Section 10.0 provides cited references. 
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The Facility is located immediately north of the city of Follansbee in Brooke County, West Virginia 

(Figure 2-1 ). The ""Plant Area" is situated in a relatively flat area west of West Virginia Route 2 along the 

Ohio River. WPSC also owns property east of Route 2. The area east of Route 2 is known as the 

"Hillside Area". The Facility consists of approximately 602 acres, including 210 acres west of Route 2 and 

392 acres east of Route 2. The WPSC property boundaries that define the Facility are shown on 

Figure 2-2. 

2.2 SITE HISTORY AND OPERATION 

Coke making and byproducts recovery operations have been conducted at the Facility since 1917. The 

majority of the historical and current activities at the Facility have been related to these operations. A 

Sinter Plant was also operated at the Facility through 1999 when it was idled. Portions of the Facility 

have also been used for the management and disposal of various wastes. Finally, portions of the Facility 

have been leased to various companies for commercial/industrial operations. Each of these activities is 

discussed in detail in the Description of Current Conditions Report (DCCR) and RFI Workplan. A 

summary of these activities is provided below. 

2.2.1 COKE MAKING AND BYPRODUCTS RECOVERY 

High-temperature coke is a hard, carbonaceous material produced by coking coal in ovens. Coal, when 

heated at high temperatures in the absence of air, breaks down yielding a gaseous mixture of water, 

ammonia, volatile and semi-volatile organic compounds, and other constituents as well as a carbon

bearing residue (coke}. During the coking process, approximately 25 to 30-percent by weight of the coal 

becomes mixed gases and vapors that are directed from the ovens to collecting mains that route the 

gases and vapors to the coal chemical recovery portion of the coking operation (Byproducts Plant). 

Coke-oven gas (COG) is composed of hydrogen, methane, ethane, carbon monoxide, carbon dioxide, 

hydrogen sulfide, ammonia, oxygen, nitrogen, and illuminants. llluminants are unsaturated hydrocarbons 

such as ethylene, propylene, and butylene. Tar is produced through condensation of the gas and 

contains general classes of compounds including pyridine, tar acids, naphthalene, creosote oil, and pitch. 

Ammonia liquor is primarily the water condensing from the gas. It is comprised of free and fixed 

ammonium salts and phenolic compounds in an aqueous solution. Light oil is generated as a product, 

which contains benzene, toluene, xylenes, and solvent naphthas. 
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Coal to be used in the coking operation is barged to the Steubenville East Coke Plant and is stored in two 

open pits (the North and South Coal Pits) which occupy approximately 14 acres (Figure 2-2). Coke that 

cannot be immediately used is placed in the South Coal/Coke Storage Pit or is temporarily stockpiled in 

an open storage area in the southern portion of the Facility. 

Coke Batteries 

Currently, the Steubenville East Coke Plant operates four batteries for coking with a total of 224 ovens. 

Battery Nos. 1, 2, and 3 are the original units installed at the Facility between 1915 and 1925 and are 

located in the northwest section of the Facility adjacent to the North Coal Pit. Battery No. 8 is the newest 

unit which was placed into service in 1976. Battery No. 8 is located to the east of the South Coal/Coke 

Storage Pit. 

Three other Batteries (Nos. 4, 5, and 6) ceased operation in 1976 and have since been demolished. 

Plans to install Battery No.7 were never finalized, and as such, Battery No.7 was never constructed . 

. Coking Process Byproducts 

As a result of the high temperature heating of coal within the ovens, compounds are released forming a 

COG. COG driven off during the coking process is cooled with a spray of recycled flushing liquor and is 

routed via overhead piping to the Byproducts Plant for further processing. The Byproducts Plant is 

located to the east of Battery Nos. 1, 2, and 3 (Figure 2-2). 

Byproducts that are recovered at the Facility include coal tar, light-oil, ammonium sulfate, and sulfur 

(recovered from hydrogen sulfide gas). Coal tar is stored in several aboveground storage tanks (ASTs). 

The tar is sold as a commercial product to other companies, including the adjacent Koppers Industries, 

Inc. (Koppers) facility, where the tar is further processed into commercial products. Historically, tar was 

transmitted to the Koppers facility via an underground pipeline. A subsurface release of coal tar from the 

pipeline was identified between the North and South Coal Storage Pits in 1996. The pipeline was 

subsequently repaired and the extent of coal tar in the subsurface was delineated. This release is 

currently being addressed as an interim measure. Tar is now transmitted to the Koppers facility via an 

aboveground pipeline that was installed in 1998. Light oil is collected and stored in an on-site 

600,000-gallon AST. Ammonium sulfate (salt) is produced as a byproduct by recovering ammonia from 

the COG and ammonia flushing liquor used in the gas recovery process. Ammonia sulfate is stored in the 

Sulfate Storage Building located in the eastern portion of the Byproducts Plant. 
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The primary potential waste stream generated at the Byproducts Plant is tar decanter sludge (TDS) that is 

generated in one of five tar decanters at the Facility. TDS is currently recycled within the Facility; 

however, it has been managed and disposed on-site historically as discussed in Section 2.2.3. Other 

potential waste streams from the Byproducts Plant include impurities collected from the light oil refining 

process (these are also currently recycled) and other miscellaneous industrial and office wastes. 

Coke Oven Gas Drip Legs 

Following byproducts removal, the "polished" COG is stored in an on-site gas holder for use as a fuel at 

several locations within the facility. COG is currently conveyed via aboveground and underground 

pipelines to the coke batteries and boiler house at the Facility, and across the Ohio River to WPSC's 

Steubenville North and Mingo Junction facilities. COG had also been historically conveyed via 

underground pipeline to the on-site Sinter Plant prior to its shutdown in 1999. Numerous drip legs are 

located along the COG transmission lines to remove condensate from the lines. Based on historical 

records, 22 of those drip legs had historically discharged condensate onto the ground. 

Wastewater Treatment Plant 

Process wastewater and runoff collected from the storm sewer system at the Facility is pumped to the 

on-site wastewater treatment plant (Bioplant) located east of the Byproducts Plant (Figure 2-2). 

Wastewater is temporarily stored in three 750,000-gallon ASTs, and subsequently routed to two 

aboveground biological treatment basins. Discharge from the biological treatment basins is clarified and 

then routed to the Terminal Treatment Plant for filtration and carbon polishing prior to discharge to the 

Ohio River via WPSC's NPDES-permitted Outfall Number 005. 

Historical Operations 

Two processes that have been conducted historically within the Byproducts area have been discontinued. 

The majority of equipment associated with both of these processes has been removed. Prior to the mid 

1960s, WPSC refined light oil into a number of marketable products including benzene, toluene, and 

xylene. This process area and related storage tanks were located on the northwest side of the Facility in 

what is now an open, grassy area. Additionally, WPSC recovered phenol from the liquid stream until 

1975. The location of these two former operations is shown on Figure 2-2. 
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The Sinter Plant was located on the east side of the Facility and covers approximately 30 acres 

(Figure 2-2}. The Sinter Plant was idled in May 1999 and demolished in 2004. Iron ore, limestone, and 

process residues were combined and heated at this process area to produce a high-iron sinter that was 

used for iron production. Area around the Sinter Plant was used for raw material storage for the sintering 

operation and final product storage. The raw materials storage piles consisted of: 1) sinter ore; 2) roll 

scale from steel making at Mingo Junction; 3) blast furnace flue dust and blast furnace wastewater 

treatment plant sludge from Steubenville /Mingo Junction; 4) coke breeze; 5) dolomitic limestone; and 

6) sinter fines. 

2.2.3 WASTE PROCESSING AND DISPOSAL AREAS 

Several areas within the Facility have been used for processing and/or disposal of various wastes. These 

areas are discussed below and their locations are shown on Figure 2-2. 

Biological Wastewater Treatment Plant Sludge Drving Beds 

An approximate 1/3-acre area located at the northern end of the Facility east of Route 2 was historically 

used to store and dry excess sludge from the on-site wastewater treatment plant. This area was 

investigated by Geraghty & Miller in 1991 in support of a West Virginia Industrial Landfill Permit 

Application. The investigation included the installation of five perimeter monitoring wells (SDB-1 through 

SDB-5) and analysis of the sludge. The monitoring well locations are shown on Figure 3-1 and a 

summary of groundwater monitoring results is presented in Appendix A. The West Virginia Department of 

Environmental Protection (WVDEP) has since determined that this area does not require a permit. A 

second area located near the southern end of the Facility (where Murphy Consolidated Industries 

operations are now located} was also used for sludge drying operations. All of the sludge in these two 

areas was excavated and disposed off-site in 1995. 

BOF Residuals Storage Area 

Sludge from the wet scrubber on the Basic Oxygen Furnace (BOF) located at WPSC's facility in Mingo 

Junction, Ohio was placed in an approximate 4-acre area located in the central portion of the Facility just 

west of Route 2. The BOF Residuals Storage Area was investigated by Geraghty & Miller in 1992 and 

1994 in support of a West Virginia Industrial Landfill Permit Application. The investigation included 

several borings within the storage area, sampling and analysis of the residuals, and the installation of 

three perimeter monitoring wells (RSA-1 through RSA-3 shown on Figure 3-1). A summary of the 

I. 
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groundwater monitoring results from wells RSA-1 through RSA-3 is presented in Appendix A. WVDEP 

has decided that the status of the permit for this area and related WVDEP requirements will be 

determined after the Corrective Measures Study is approved by USEPA under the RCRA Corrective 

Action program. TDS was also reportedly disposed in the BOF Residuals Area prior to 1980. This was 

confirmed by the boring program performed by Geraghty & Miller. A soil cover coated with an erosion 

resistant material has been placed over the BOF Residuals Area to prevent erosion and direct human 

exposure. 

Plant Debris Disposal Area 

An approximate 2-acre area adjacent to the BOF Residuals Area was used from 1972 through 1991 for 

the disposal of various debris and waste generated at the Facility. This area was also investigated by 

Geraghty & Miller in 1991 in support of a West Virginia Industrial Landfill Permit Application. The 

investigation included several borings within the storage area, sampling and analysis of the residuals, and 

the installation of three perimeter monitoring wells (PDA-1 through PDA-3 shown of Figure 3-1 ). As with 

the BOF Residuals Area, WVDEP has decided that the status of the permit for this area will be 

determined after the Corrective Measures Study is approved by USEPA. 

Hatcher's Pad - Former TDS Staging and Disposal Areas 

An area located at the north end of the north coal pit, known as Hatcher's Pad, was used by Mr. Paul 

Hatcher for staging TDS. Mr. Hatcher's operations involved mixing the TDS with coal in a cement truck 

prior to charging the coal in the batteries. The TDS in the Hatcher's Pad Area was reportedly removed. 

This area is now covered with a concrete pad. 

An approximate 2-acre area adjacent to the south of the Plant Debris Disposal Area was also leased to 

Mr. Hatcher. This area, which is known as the Ash Screening Area, was also reportedly used for the 

disposal of TDS. The existence of coal tar derivatives in the subsurface in this area was confirmed by soil 

borings during the RFI as discussed later in this report. 

Hillside Fill Area 

An area on the hillside east of Route 2 had historically been used for the disposal of coal tar derivatives 

and other plant wastes. Currently, coal tar derivatives are visible wicking through the ground surface at 

two locations. These locations have been fenced to prevent public access. A preliminary investigation of 

the Hillside Fill Area was performed by Geraghty & Miller in 1999. The investigation 
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included tar residue sampling and analysis, four soil borings to define the depth and extent of coal tar 

derivatives in the subsurface, 17 soil gas sampling locations, and surface water sampling in Mahan's Run 

at seven locations. The results of this investigation are presented in Appendix A. 

Former TDS Impoundment 

From approximately 1965 to 1981, TDS was temporarily stored prior to disposal in a small impoundment 

located in the western portion of the Facility south of the coal storage pits. This location was closed 

under a Consent Decree between WPSC and USEPA dated October 2, 1989. As part of the closure, soil 

samples were collected, nested groundwater monitoring wells were installed at six locations around the 

perimeter of the former impoundment, and groundwater monitoring was performed. Two reports 

summarizing the results of the investigation were submitted by WPSC to USEPA on April 29, 1998. 

Those reports demonstrated that soil and groundwater had not been significantly impacted. 

2.2.4 LEASED PROPERTIES 

WPSC has historically and is currently leasing properties within the Facility to companies who perform 

various commercial/industrial operations. A description of these leased properties is provided below. 

Former Allied Oil Storage/Distribution Site 

The most northern portion of the Facility was formerly leased to Allied Oil Company (Allied) as a 

Number 6 Fuel Oil Storage Area (SWMU A-1). West of West Virginia State Route 2, reportedly four 

one-million gallon ASTs were used by Allied for fuel storage. The tanks existed prior to 1954 and 

reportedly were removed in the 1980s. The area to the east of West Virginia State Route 2 was 

reportedly a fuel oil distribution center. Oil seeps have historically been identified along the south bank of 

Mahan's Run in the area just north of the former tank area. These seeps were not evident during the RFI. 

Former PGT Trucking Site 

WPSC leased an approximate 1.3-acre parcel just east of Route 2 to PGT Trucking in the late 1990s. 

PGT used the site for parking tractor trailers and semi-trucks. No fueling or maintenance operations are 

known to have occurred at the site. A Phase I Environmental Site Assessment (ESA) was conducted for 

this location as part of the RFI. The Phase I ESA Report was submitted under separate cover at the 

same time as this RFI Report. 
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WPSC leased an approximate 2. 7 -acre parcel just to the south of the former PGT Trucking site to Murphy 

Construction, Inc. from the early 1960s through 1998. Murphy used this site to operate its heavy 

construction and equipment rental business operations, including light maintenance, fueling, and storage 

of heavy equipment and trucks. Three fuel USTs were removed from the site in the early 1990s and 

replaced with two ASTs. A Phase I ESA was also conducted for this site, and a Phase I ESA Report was 

submitted under separate cover at the same time as this RFI Report. Based on the findings of the Phase I 

ESA, two soil borings were advance during the RFI near the former underground storage tank (UST) and 

AST areas (Figure 3-1 ). 

Provenzano Trucking. Inc. Site 

WPSC currently leases an approximate 4-acre parcel just to the west of Route 2 across from the former 

PGT Trucking site to Provenzano Trucking, Inc. Provenzano has leased and occupied the property since 

1966 and has conducted operations related to its trucking business. Activities have included vehicle 

maintenance and repair in a building located on an adjacent property owned by Chappa Coal Company, 

fueling of trucks using two on-site ASTs, and on-site parking for the truck fleet. From the early 1950s 

through 1966, the site was occupied by Chappa Coal who used the site as a coal tipple. One diesel UST 

and one gasoline UST were reportedly used by Chappa through 1966 to fuel vehicles and heavy 

equipment. These USTs reportedly remain at the site. A Phase I ESA was also conducted for this site, 

and a Phase I ESA Report was submitted under separate cover. Based on the findings of the Phase I 

ESA, four soil borings were advance during the RFI near the former UST area, the maintenance garage, 

and the truck parking area (Figure 3-1 ). 

Murphy Consolidated Industries Site 

WPSC currently leases an approximate 5-acre parcel in the southern portion of the Facility to the Murphy 

Consolidated Industries, Inc. Several employees of the Murphy Construction Company (see above) 

purchased the company from the original owner and moved the operations to this location in 1998. At the 

same time, the new owners bought out Mike Swarts, Inc., a company that had leased this site since the 

1980s and provided heavy equipment and material screening services to WPSC. Activities at this site 

have included vehicle maintenance and repair in an on-site building, fueling of trucks and equipment 

using two on-site ASTs, and coke screening and storage. A Phase I ESA was also conducted for this 

site, and a Phase I ESA Report was submitted under separate cover. Based on the findings of the 

Phase I ESA, two soil borings were advance during the RFI near the existing ASTs and maintenance 

garage areas (Figure 3-1 ). 
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The Facility is connected to the City of Follansbee public water supply system for its potable water supply. 

A discussion of the City of Follansbee water supply is presented in the following section. The Facility 

currently obtains the majority of its industrial water supply (cooling water, etc.) from an intake in the Ohio 

River in front of the WPSC Steubenville North Plant located on the opposite (west) side of the river. That 

water is pumped to the Facility via a pipeline across the railroad bridge. The Facility also operates two 

pumps located in the Ohio River just north of the Coal Unloading Area. The Facility had previously 

obtained its industrial supply from several water supply wells located along the river shore line. These 

wells remain but have not been used for several years. 

2.4 SURROUNDING LAND AND WATER USE 

The area surrounding the Facility includes a variety of land uses, including industrial, commercial, 

residential, and recreational (Figure 2-3}. 

The city of Follansbee and Wheeling-Nisshin Steel Corporation border the Facility to the south and southeast. 

Koppers Industries, Inc. (Koppers) and the Ohio River delineate the western boundary of the Facility. 

Koppers is a coal tar processing plant that has operated since the early 1900s. The Koppers site, which is 

also in the RCRA Corrective Action Program, has been contaminated with coal tar and related contaminants 

and is currently undergoing remediation. Residential, commercial, and recreational properties are located 

east and southeast of the Facility along West Virginia State Route 2. WPSC owns much of the hillside east 

of the Hillside Fill Area. This area has been used for the past several years for the disposal of excess soil 

generated during the widening of Route 2. The area east of the eastern WPSC property boundary is 

undeveloped. Undeveloped property also lies to the north of the Facility and industrial property to the 

northeast. 

Based on discussions with Follansbee/Hooverson Heights Water Authority, all of the residents and 

commercial/industrial businesses in the vicinity of the Facility are connected to the public water supply 

system for their potable water source. One resident, located along Route 2 just southeast of the Facility, 

has also maintained a private well for non-potable outdoor uses. The city of Follansbee obtains its water 

from three groundwater supply wells within the alluvial aquifer located adjacent to the Ohio River 

approximately Y:z mile south of the Facility (Figure 2-3). The municipality of Hooverson Heights obtains its 

water from an intake in the Ohio River near the Follansbee groundwater supply wells. Based on a review 

of sampling and analysis results from 1998 through 2004 provided by the Water Authority, there have 

been no exceedances of federal Maximum Contaminant Levels (MCLs). The only other water supply 
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wells identified within Y:z mile of the Facility are located on the Wheeling-Nisshin property located adjacent 

to the southern Facility boundary. Wheeling Nisshin operates two groundwater supply wells that provide 

industrial process water to their facility. The wells are within the alluvial aquifer and have an estimated 

pumping capacity of 500 gallons per minute. According to Wheeling-Nisshin, approximately 14,040,000 

gallons are pumped from these two wells each month, which equates to an estimated pumping rate of 

325 gallons per minute. 

I. 
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Climate in the vicinity of the Facility is moderate throughout the year, with an average annual temperature 

of approximately 50°F. Average monthly temperatures during peak summer and winter months vary 

about 55°F, from approximately 20°F to 75°F. Temperature extremes can range from below ooF to over 

100°F. The average annual precipitation in the area is approximately 42 inches, and the average annual 

evapotranspiration rate is approximately 25 inches. Prevailing winds in the area are from the 

west/southwest at average speeds of approximately 15 to 30 feet per second, although wind speed and 

direction can vary locally due to the complex terrain within the Ohio River valley. 

3.2 TOPOGRAPHY AND SURFACE DRAINAGE 

The Plant Area is relatively level with surface elevations ranging from approximately 670 to 675 feet 

above mean sea level (famsl) (Figure 2-2). The normal pool elevation of the Ohio River in the vicinity of 

the Facility is approximately 644 famsl. The Ohio River shoreline and the slopes along Mahan's Run at 

the northern end of the Facility and the unnamed tributary at the southern end are steep with surface 

elevations transitioning from 670 to 645 famsl. The area east of the Plant Area, including the northern 

site entrance, the BOF Residuals Area, the Plant Debris area, and the former Ash Screening Area, is 

moderately to steeply sloping, with surface elevations transitioning from 675 famsl in the Plant Area to 

Route 2, which ranges in elevation from approximately 700 to 725 famsl. The area immediately to the 

east of Route 2 is also relatively level with elevations ranging from 700 to 720 famsl. Mahan's Run, which 

is situated approximately 300 to 500 feet from Route 2, is deeply incised (elevation ranges from 660 to 

665 famsl) with steep slopes along both banks. The eastern slopes of Mahan's Run transition to the 

Hillside Area, which comprises the eastern portion of the Facility. Elevations across the Hillside Area 

range up to 980 famsl. 

Stormwater runoff in the active operations area north of Battery No. 8 is collected in a series of drop inlets 

and is routed to a sump located near the north coal pit where it is pumped to a 500,000-gallon stormwater 

holding tank. Water from this tank is pumped directly to the Facility wastewater treatment plant. 

Following treatment, water from the treatment plant is discharged to the Ohio River through Outfall 005 

under NPDES Permit No. WV0004499. Stormwater that accumulates in the coal/coke storage pits is also 

pumped directly to the wastewater treatment plant. Precipitation that falls over the remainder of the Plant 

Area infiltrates the relatively permeable slag and other fill materials at the surface and recharges the 

underlying perched groundwater zone at the base of the fill materials. Stormwater runoff over the steep 
' vegetated slopes along the Ohio River, Mahan's Run, and the southern unnamed tributary occurs 
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generally as sheet flow. There are no known discrete stormwater discharges from the Plant Area to the 

Ohio River, Mahan's Run, or the southern unnamed tributary. Stormwater runoff from the area east of the 

Plant Area {between Route 2 and the Conrail railroad tracks), as well as from the residential/commercial 

areas along Route 2, collects in a series of stormwater culverts and ditches that converge to an 

underground sewer that runs in a westerly direction beneath the Sinter Plant area and discharges to the 

Ohio River through Outfall 001 under NPDES Permit No. WV0023281. Stormwater runoff east of Route 2 

discharges via overland flow to Mahan's Run or its tributaries. 

3.3 REGIONAL HYDROGEOLOGIC SETTING 

The Facility is located along the eastern bank of the Ohio River on the northern portion of an alluvial terrace 

named the Follansbee Bottom (Carlston and Graeff, 1955). The predominant topographical characteristic of 

the bottom is a series of river terraces eroded in the sides of a high, fluvio-glacial, fill terrace (Carlston and 

Graeff, 1955). Tributary streams cut through the fill as they flow toward the Ohio River. 

Follansbee Bottom is situated in the Appalachian Plateau physiographic province (Cross and Schemel, 

1956). Between the Ohio River and West Virginia State Route 2, the Facility is constructed on metallurgical 

slag and miscellaneous fill materials deposited on the naturally-occurring Quaternary-age alluvial deposits. 

The alluvial deposits along the Ohio River form a prolific aquifer. As described in Section 2.3, the City of 

Follansbee obtains its water supply from wells in this aquifer approximately Yz mile south of the Facility. To 

the east of West Virginia State Route 2, limited boring information indicates some fill areas underlain by 

colluvial deposits. 

Bedrock consisting of the Pennsylvanian-age Conemaugh Series is encountered at depths varying from 

approximately 44 feet to 86 feet below the ground surface at the Facility. The Conemaugh Series is 

comprised of cyclical sequences of shale, siltstone, sandstone, coal, and limestone. In the vicinity of the 

Facility, bedrock is typically shale, siltstone, claystone, and/or sandstone. 

No bedrock outcrops, carbonate rocks, or sinkholes are evident at the Facility. Bedrock outcrops may occur 

in the hillsides to the north and east of the Facility. In general, bedrock underlying the Ohio River Valley of 

West Virginia dips in a south-southeast direction at a rate of approximately 15 to 30 feet per mile (Carlston 

and Graeff, 1955). 

i. 
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In the vicinity of the Facility, the axis of the Mingo Syncline trends to the north through the Facility before 

shifting to the northeast north of Fairy Glen (adjacent to Archer Heights) (Cross and Schemel, 1956). In 

relation to the local structure, most of the Plant Area lies either within the fold axis of the syncline or on the 

northwestern limb of the syncline. There is no available information regarding bedding plane orientation, 

joints, faults, or other types of fracture zones within the Facility area. 

Both surface and subsurface coal mining activities have been extensive in the vicinity of the Facility. Strip 

mines are located in the hills on both sides of the Ohio River. Reclaimed surface mines are also evident in 

the general vicinity of the Facility (Figure 1 ). The Lower and Middle Kittanning Coals, the Lower Freeport 

Coal, and an unknown coal seam underlie the Facility (West Virginia Geologic and Economic Survey 

Preliminary Open-File Reports). 

Based on available information, the La Belle Mine is located beneath most of the Facility. The coal seam 

believed to be mined at the La Belle Mine is the Lower Freeport Coal (Repine, 1986). The approximate 

depth to the base of the Lower Freeport Coal beneath the BOF Residuals Storage Area, for example, is 

230 feet (West Virginia Geologic and Economic Survey Preliminary Open-File Report). An air shaft to the 

Labelle Mine is reportedly located in the Hillside Area (Figure 2-2). However, no signs of the air shaft were 

identified during the subsurface investigation of the Hillside Area performed during the RFI. 

3.4 SITE HYDROGEOLOGY 

3.4.1 SUBSURFACE INVESTIGATION PROGRAM 

The RFI subsurface investigation program initiated in May 2004 at the Facility included the installation of 

groundwater monitoring wells and the drilling of soil borings at specified locations. The locations of the 

soil borings and monitoring wells are shown on Figure 3-1 for the Plant Area and Figure 3-2 for the 

Hillside Area. 

Environmental samples and sample locations were identified using the sample numbering system 

established in the RFI Workplan. Each sample was assigned a unique sample identification number 

using the following format: 

• (Sample Type and Sector) - (Sequential Sample Number)- (Matrix)- (Sample Depth where 

applicable) 

i 
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Codes for some of the commonly used sample types collected during the RFI include the following: 

Sample Type 

• SO - Sediment 

• SW -Surface Water 

• MW- Monitoring Well 

• SB - Soil Boring 

• SP -Seep 

• SG -Soil Gas 

Sector 

• A through H 

Matrix 

• W-Water 

• S- Solid 

• A-Air 

Depth Interval 

• 0.1, 1.1, etc. 

Using the above sample designations, the sample sector and sample point identification are clearly 

illustrated by each sample name. In addition, the sample matrix is identified as water or solid with depth 

interval listed for soil samples only. A few examples of actual sample identifications are as follows: 

• SBA2.W - Groundwater sample from Soil Boring #2 located in Sector A; 

• MWD3PS0.8- Soil sample from 0.8 feet depth at perched zone Monitoring Well #31ocated in 

Sector D; 

• SGH1 A- Soil gas sample #1 located in Sector H; 

• SWH04W -Surface water sample #4 located in Sector H; and 

• SDH04S- Sediment sample #41ocated in Sector H. 

Twenty-nine groundwater monitoring wells were installed at fifteen locations (six nested pairs, four nested 

triplets, and five single well locations) throughout the Facility for the collection of groundwater elevation 

measurements and groundwater samples for the RFI. Thirty-nine previously installed wells were also 

used for groundwater elevation measurement and sampling locations. Of the wells installed specifically 

for the RFI, twenty~four were installed in the Plant Area at ten nested locations (MWB1 through MWB3, 
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MWC1 through MWC4, and MWD1 through MWD3). The P-series wells were screened across the 

perched water table, the 1-series wells were screened in the upper portion of the alluvial aquifer, and the 

D-series wells were screened in the lower portion of the alluvial aquifer. The thirty-two previously 

installed wells in the Plant Area were also screened in the perched, upper and lower alluvial aquifer. Five 

wells were installed in the Hillside Area to monitor perched groundwater downgradient of identified source 

areas within the Hillside Fill Area. 

Seventy soil borings were advanced during the RFI for the purpose of characterizing subsurface 

conditions and collecting subsurface soil samples for laboratory analysis at specific SWMU locations. Of 

the seventy soil borings, thirty-two (SBH7 through SBH38) were completed in the Hillside Area to 

investigate the extent of coal tar derivatives in the subsurface and to characterize the depth and type of fill 

material. Prior to initiating the soil boring and monitoring well installation program at the Hillside Fill Area, 

thirty-five soil gas samples were collected to identify the potential presence of subsurface materials 

containing organic constituents. In order to adequately cover the entire area, sample locations were 

predetermined based on a 100 feet grid pattern. Additional sample locations were chosen to provide 

more comprehensive coverage in the vicinity of the North and South Tar Wicking Areas. A 

comprehensive discussion of soil gas sampling procedures is included in Section 5.3 and laboratory 

analytical results are included in Appendix K, Table K-1. A review of the soil gas analytical results 

summarized on Table K-1 confirmed the North and South Tar Wicking Areas as potential contaminant 

sources as well as the southeast corner of the Hillside Fill Area. 

The remaining thirty-eight soil borings were installed in the Plant Area. Four borings (SBA 1 through 

SBA4) were installed at the former Allied Oil AST area; two soil borings (SBAS and SBA6) were installed 

at the North End COG Drip Legs and Fuel Condensate Tanks; four soil borings (SBA7 through SBA 1 0) 

were installed at the former Light Oil Refining Area; one soil boring (SBA 11) was installed at the former 

Tank Car Cleaning Area in the Byproducts Plant; one soil boring (SBC1) was installed in Sector C at the 

Batteries COG Drip Leg; one soil boring (SBD1) was installed near the former Tar Decanter Sludge 

Staging Pad (Hatcher's Pad) and AKJ Process Tank Area; seven soil borings (SBB1 and SBE1 through 

SBE6) were installed at the inactive COG Drip Legs along the inactive COG pipeline to the former Sinter 

Plant; nine soil borings (SBE7 through SBE15) were installed at the former Ash Screening Area to 

delineate the extent of coal tar derivatives in the subsurface; one soil boring (SBF1) was installed at a 

COG Drip Leg near the former Sinter Plant; two soil borings (SBG1 and SBG2) were installed near the 

existing diesel ASTs at the Murphy Consolidated Industries Leased Property; four soil borings (SBH1 

through SBH4) were installed at the Provenzano Trucking Company Leased Property; two soil borings 

(SBHS and SBH6) were installed at the former Murphy Construction, Inc. Leased Property. 

I I. 
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Soil borings SBA 11, SBD1, and SBE1 through SBE6 were advanced using Geoprobe (4-foot length) 

sampling techniques. The remaining soil borings and the twenty-nine borings used for the installation of 

groundwater monitoring wells were advanced using hollow stem augers and continuous split-spoon 
' 

(2-foot length) sampling techniques. Samples collected from each boring were logged in the field for 

gross composition, texture, color, relative degree of saturation, and signs of contamination. Each core 

interval was also field screened for volatile organic compounds (VOCs) using a photoionization detector 

(PID). A portion of the sample from each core interval was also placed in a polyethylene ziplock bag and 

set aside for subsequent PID headspace screening. Soil borings completed for subsurface soil sampling 

purposes were advanced with 2.25-inch inside diameter (ID) hollow stem augers through the fill materials 

and into the underlying alluvial soils to verify that the fill/alluvial contact was identified. Borings for 

monitoring well installations were advanced using 4.25-inch ID hollow-stem augers. P-series wells were 

advanced into the underlying alluvial soils to verify that the fill/alluvial contact was identified. 1-series 

wells were advanced approximately 1 0 feet into the top of the alluvial aquifer. D-series wells were 

advanced to the bottom of the alluvial aquifer at the alluvium/bedrock contact. A more detailed 

description of procedures used to collect subsurface soil samples for laboratory analysis is presented in 

Section 5.2. 

Monitoring wells were constructed of 2-inch diameter, schedule 40 PVC casing and well screen except for 

monitoring wells located in Sector B which were constructed of 4-inch diameter schedule 40 PVC or 

4-inch diameter s~ainless steel. Well screens within the Plant Area were generally 10 feet in length while 

well screens for Hillside Area monitoring wells were 15 to 20 feet in length. Due to the distinct targeted 

monitoring zone for each series of monitoring wells, the well screen interval was generally determined by 

lithologic position rather than water level observations (i.e., base of fill material, upper and lower portions 

of alluvial aquifer). The annulus at each well was backfilled while removing the hollow-stem augers from 

the boring as follows: coarse silica sand was placed to approximately 2 feet above the top of the well 

screen, followed by 2 to 3 feet of bentonite pellets and cement/bentonite grout (5 percent mixture) to the 

surface. Potable water was added to the bentonite pellets and the pellets were allowed to hydrate prior to 

grout placement in boreholes where the water surface was below the top of the bentonite seal. Each well 

was also fitted with either a steel protective casing extending approximately 2 to 3 feet above the ground 

surface or a flush mount casing. 

Following the completion of monitoring well installations, each well was developed using surging, bailing, 

and pumping techniques. Existing monitoring wells used as groundwater sampling locations for the RFI 

were also developed at this time. In general, each well was initially surged and bailed to remove three to 

five well volumes of heavily silted water and draw fine sediments into the well from the well sandpack. A 

submersible pump was then placed in each well and pumped until relatively clear water was produced 

(less than 1 0 national turbidity units where practical). A number of shallow perched zone monitoring wells 



RCRA Facility Investigation Report 
Steubenville East Coke Plant 
Wheeling Pittsburgh Steel Corporation, Wheeling, West Virginia 

Section No.: 3 
Page No.: 3-7 

Revision No.: 0 
Date: 9/05 

produced very little water and were therefore developed using a hand bailer. In addition, monitoring wells 

that contained free product were not developed. A summary of the well development procedures is 

presented in Appendix C, Table C-1. 

Temporary piezometers were installed in each Plant Area soil boring except for SBA11 and SBEB through 

SBE15 to obtain water level measurements and groundwater samples from the perched zone at the 

completion of drilling. One-inch PVC casing with a 5-foot well screen and filter sock was installed inside 

the augers to the bottom of the boring prior to pulling the augers. A sufficient quantity of water for 

sampling was available in twenty of the temporary soil boring piezometers. Following completion of the 

water level measurements and sample collection, the piezometers were removed and the boreholes were 

backfilled with hydrated bentonite chips. The soil borings where piezometers were not installed were 

backfilled with hydrated bentonite chips while removing the augers at the completion of drilling. 

After the completion of the drilling and well installation program, all borings and monitoring wells 

(including wells installed prior to the RFI) were surveyed by a licensed West Virginia Surveyor. Boring 

locations were surveyed for ground surface elevation and plan location (according to the West Virginia 

State Plane Coordinate System). Monitoring well locations were surveyed at ground surface elevation, 

top of PVC casing elevation (measuring point for groundwater elevation readings), and plan location. 

The locations of the soil borings and monitoring wells are shown on Figure 3-1 for the Plant Area and 

Figure 3-2 for the Hillside Area. Soil gas sampling locations in the Hillside Area are also shown on 

Figure 3-2. Detailed boring and monitoring well construction logs for the locations completed during the 

RFI are presented in Appendix B. Boring and monitoring well construction logs for monitoring wells 

installed prior to the RFI, as well as geologic cross-sections prepared for the RFI Workplan, are presented 

in Appendix A. 

3.4.2 SOILS 

As discussed in Section 3.3, metallurgical slag and miscellaneous fill materials have been placed 

historically throughout the Plant Area between Route 2 and the Ohio River to raise the site grade above the 

100-year flood elevation to facilitate site development. In general, the upper few inches consist of slag 

and/or coke materials. The underlying fill consists of a variety of materials ranging from excavated 

soil/rock to slag, coke, and miscellaneous debris. Underlying the fill are the naturally-occurring 

Quaternary-age alluvial deposits that form the original flood plain surface. 
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Moving east beyond Route 2, the alluvial deposits transition to a naturally-occurring Quaternary-age 

colluvium emanating from the elevated Hillside Area at the far eastern portion of the Facility. Limited boring 

information indicates that fill materials have been placed over colluvial soils just east of Route 2 to reach a 

relatively level grade. The deeply incised Mahan's Run cuts through the fill materials and colluvial wedge at 

the toe of the slope leading to the Hillside Area. The Hillside Area immediately to the east of Mahan's Run 

consists of fill material placed over the original hillside ground surface (this area is referred to as the "Hillside 

Fill Area"). Fill materials are thicker where erosional valleys in the original ground surface running 

perpendicular to Mahan's Run were filled with material ranging from excavated soil/rock to slag and coke. 

The original erosional valleys running perpendicular to Mahan's Run are illustrated by the USGS 

topographic quadrangle map contours included on Figure 3-2. Localized areas within the fill materials 

were also used for the disposal of coal tar derivatives and other plant wastes. Upslope of the Hillside Fill 

Area, recent soil fill has been placed on Facility property from excavation materials associated with 

Route 2 road construction. 

Natural soils exist at the ground surface at only a few areas within the Facility, including the lower portion 

of the Ohio River bank and along Mahan's Run. Natural soils also exist at the surface across the 

undeveloped portion of the hillside above the Hillside Fill Area where highway construction soil fill 

materials have not been placed. 

3.4.3 GEOLOGY AND SUBSURFACE CONDITIONS 

As discussed in Section 3.3, the Facility is located along the eastern bank of the Ohio River on the northern 

portion of an alluvial terrace named the Follansbee Bottom (Carlston and Graeff, 1955). The subsurface 

conditions at the Facility, based on correlation of surface and subsurface information described in the 

previous section are depicted on Cross-Sections A-A', B-B', and C-C' on Figures 3-3 and 3-4. A more 

detailed description of the subsurface conditions and site hydrogeology is provided below. 

Fill Materials 

Fill materials encountered in the soil borings drilled across the Facility are generally consistent with the 

description provided above in Section 3.4.2. Samples from borings located throughout the Plant Area 

show that the fill materials consist predominantly of slag and coke mixed with soil/rock, brick and cinders. 

The Provenzano Trucking Leased Property is underlain by fill materials that predominantly consist of 

/sandy soils. Borings located throughout the Hillside Fill Area show that the fill materials consist 

predominantly of slag and miscellaneous debris with coal tar derivative material present in close proximity 

to the active tar wicking areas. 

I . 
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As shown on the cross-sections in Figures 3-3 and 3-4, and boring logs in Appendix B, the depth of fill 

material throughout the Plant Area ranges from nearly 50 feet in the area just west of Route 2 to less than 

10 feet along the shoreline of the Ohio River. The depth of fill material throughout the Hillside Fill Area 

ranges from over 60 feet at the southwestern corner to no fill around the perimeter and in the central 

portion of the area where fill transitions to the original ground surface. The contact between the fill 

material and underlying colluvial/alluvial deposits as shown on the cross-sections is based on 

observations during drilling. 

Alluvial & Colluvial Deposits 

The upper geologic unit beneath the fill materials throughout the Plant Area consists of sandy and silty 

clay alluvial (flood plain) deposits with a fairly consistent thickness of approximately 25 feet in the 

northern portion of the Facility to approximately 30 feet in the southern portion of the Facility. This 

geologic unit ranges in composition across the Facility from fine sandy clay or sandy silt to silty or sandy 

clay and serves as an aquitard upon which perched groundwater rests at the base of the overlying fill 

materials. Underlying the alluvial aquitard and extending to the top of bedrock is the predominantly sand 

and gravel alluvial aquifer. These sediments were deposited throughout this portion of the Ohio River 

Valley during the retreat of the Pleistocene-age glaciers, resulting in an overall coarsening downward 

trend. The sand and gravel alluvial aquifer ranges in thickness from 30 to 40 feet in the northern and 

central portions of the Facility to less than 25 feet in the southern portion of the Facility. Both the alluvial 

aquitard and alluvial aquifer deposits thin and gradually pinch out against the valley wall to the east. 

Fill materials located east of Route 2 and in the Hillside Area are underlain by sandy clay colluvial soils. 

The colluvial deposits range in thickness from approximately 40 feet in the area just west of Mahan's Run 

to approximately 1 0 feet in the Hillside Area. Very little, if any, colluvium is present along the steep 

eastern slope to Mahan's Run and at the crest of this slope in the Hillside Area. The configuration of the 

alluvial and colluvial deposits based on the RFI subsurface investigation program are depicted on 

Cross-Sections A-A', B-B', and C-C' on Figures 3-3 and 3-4. 

Bedrock 

Based on information from the RFI completed for the adjacent Koppers Industries, Inc. site (RFI Report, 

Koppers Industries, Inc., October 21, 1996) and boring information collected during the RFI for the 

Steubenville East Coke Plant Facility, bedrock beneath the Facility consists of sedimentary strata of the 

Pennsylvanian-age Conemaugh series. Lower alluvial aquifer monitoring wells MWB1 D, MWB2D, 

MWB3D, and R-210 as well as bedrock aquifer monitoring well R-310 were installed prior to the RFI by 

other consultants and information regarding lithology, well installation procedures, and well dimensions 
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are not available. However, based on measured total well depths and recently installed lower alluvial 

aquifer monitoring well MWD3D, bedrock occurs at depths ranging from approximately 80 feet below 

ground surface across most of the Plant Area to less than 60 feet along the Ohio River shoreline. 

Bedrock in well MWD3D was found to consist of light grey fine grained sandstone. 

Moving east of Route 2 and into the Hillside Area, the bedrock surface slopes upward along the former 

channel of the Ohio River, occurring at approximately 80 feet below ground surface near Route 2 and 

approximately 60 feet below ground surface near the western slope of Mahan's Run. While bedrock 

outcrops were not observed during the RFI, bedrock most likely occurs very near the surface at the base 

of the Mahan's Run stream channel. According to previously completed lithologic logs and cross-sections 

of borings in the area immediately east of Route 2, bedrock consists of siltstone and shale. Finally, 

bedrock underlies the Hillside Fill Area at depths ranging from approximately 20 feet to the east and over 

60 feet at the southwest corner where fill materials appear to be the thickest. Bedrock underlying the 

Hillside Fill Area was found to consist of green to brown siltstone. 

Free Product 

Free product was identified during the RFI drilling program in the subsurface at localized areas 

throughout the Facility. The locations of these areas are shown on Figures 6-1 and 6-3. A description of 

each area is provided below. 

As discussed in Section 3.4.1, nine soil borings (SBE7 through SBE15) were installed in the former Ash 

Screening Area to delineate the extent of coal tar derivatives in the subsurface. Five of these borings 

(SBE7 through SBE11) contained coal product derivates at thicknesses ranging from 2.5 feet at SBE8 to 

16 feet at SBE11. This layer of tar ranges in depth from 25.3 (SBE11) to 34.7 (SBE8) feet below the 

ground surface and is below the elevation of the perched groundwater zone in the Plant Area (refer to 

Cross-Section C-C' on Figure 3-4 ). Coal tar derivates were also observed wicking at the ground surface 

in the wooded area just to the northwest of the former Ash Screening Area. TDS reportedly exists in the 

adjacent BOF Residual Storage Area and the Plant Debris Area, however, no soil borings were 

completed as part of the RFI to delineate the extent of free product in these areas. 

Light oil was identified within the fill materials just above the perched water table in soil borings SBA8 and 

SBA9 located at the former Light Oil Refining Area. This product has apparently migrated downward from 

the surface where light oil refining and storage operations had previously been conducted. 
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Monitoring wells MWB1P and MWB2P, located within the Byproducts Area, contain coal tar in the bottom 

of the well screen at each location. The presence of coal tar in these wells indicates the existence of tar 

at the base of the fill materials within the perched groundwater zone. Tar was also identified in the 

bottom of upper alluvial monitoring wells MWB11 and MWB21, which are situated near the two perched 

zone wells described above. These wells were installed by a previous consultant to the Facility and 

information regarding lithology, well installation procedures, and well dimensions are not available. 

Therefore, the possibility remains that coal tar in the upper alluvial wells is the result of downward 

migration from the perched zone during the well installation process. Free product has not been detected 

in the alluvial aquifer anywhere else in the Facility. 

Light oil had also been historically detected floating on the perched water table in the Byproducts Area. 

Product recovery wells RW-1 and RW-2 were installed in 1997 and were operated continuously through 

2001. RW-1 has operated intermittently since 2001 while RW-2 was shut off at that time. Free product 

has not been detected in either well since February 2001. 

Coal tar also exists within the perched groundwater zone at the base of the fill materials at the 'Tar 

Pipeline Release Area" located east of the Coal Storage Pits near the Koppers facility boundary. This 

release occurred from the underground pipeline that transferred tar from the Byproducts Area to the 

Koppers facility for further processing. Product recovery wells were installed in 1996. An overhead 

pipeline was also installed at this time to replace the underground pipeline. Tar is hand-bailed from the 

recovery wells on a monthly basis as an ongoing interim remedial measure. 

Finally, the extent of product in the subsurface of the Hillside Fill Area was identified by thirty-two soil 

borings and five groundwater monitoring wells completed in the area. Coal tar derivative material was 

present in two soil borings (SBH26 and SBH27) completed near the North Tar Wicking Area and four soil 

borings (SBH19, SBH20, SBH22, and SBH34) completed near the South Tar Wicking Area. Coal tar 

derivative material was also identified in the soil boring for monitoring well MWH2. However, the 

identified coal tar derivative material at MWH2 was characterized as dry and brittle, and may not 

represent a mobile free product source. Tar seeps were identified along the steep hillside to the south of 

MWH1 and within the flat, wet area in the unnamed tributary that forms the southern boundary of the 

Hillside Fill Area. Five additional soil borings (SBH10, SBH16, SBH17, SBH23, and SBH24) and 

groundwater monitoring well MWH1, all of which are located at the southern limit of the Hillside Fill Area 

with MWH2, contained signs of petroleum impacts other than coal tar derivatives including odors and 

stained soils. Incidentally, this area was the only potential source area other than the North and South 

Tar Wicking Areas that was indicated by the results of the Soil Gas Sampling Program. 
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The uppermost water bearing zone beneath a majority of the Plant Area consists of perched groundwater 

at the base of the fill materials west of Route 2 (refer to Cross-Sections A-A', B-B', and C-C' on 

Figures 3-3 and 3-4). Water was not found to exist within fill materials in recent (SBH5 and SBH6) and 

previous (SOB-series wells) monitoring locations situated east of Route 2. Perched groundwater in the 

Plant Area rests on the 25 to 30 feet thick sandy and silty clay alluvial aquitard, which defines the base of 

the perched zone and limits the downward infiltration of shallow groundwater. Lateral discontinuities exist 

in the perched zone as evidenced by little or no water observed along the eastern limits (SBE1, SBE2, 

SBE3, SBE4, SBH1, SBH3, and SBH4) and north-northwestern portion (SBA6, MWD2P, SBD1, and 

MWC1) of the Plant Area. The location of these piezometers and monitoring wells approximately 

correlates to areas where the top of the aquitard (original flood plain surface) is higher in elevation. The 

RFI Workplan also documents the absence of perched water at previously installed wells along the 

eastern (RSA-series wells and PDA-1) and western (VA-1, VA-1A, P-1, P-2, and MW-2A) limits of the 

Plant Area. The location of these monitoring wells also approximately correlates to areas where the fill to 

alluvium contact occurs at higher elevations (refer to Figure 3-5 for the contoured elevation of the fill to 

alluvium contact). Where present, perched water zones tend to be relatively thin and cannot sustain 

continuous pumping even at low pumping rates. The saturated thickness of the perched zone ranges 

from approximately 8 feet between SBD-1 and RW-1 near Battery Nos. 1, 2, and 3 to no thickness as 

discussed above along the eastern and western limits of the Plant Area. 

Below the sandy and silty clay alluvial aquitard and extending to the top of bedrock in the Plant Area is 

the predominantly sand and gravel regional alluvial aquifer (refer to Cross-Sections A-A', B-B', and C-C' 

on Figures 3-3 and 3-4). These glacio-fluvial deposits exhibit an overall coarsening downward trend. The 

alluvial aquifer ranges in thickness from 30 to 40 feet in the northern and central portions of the Facility to 

less than 25 feet in the southern portion of the Facility. Both the alluvial aquitard and alluvial aquifer 

deposits thin and gradually pinch out against the valley wall to the east. The base of the alluvial aquifer is 

defined by the top of the underlying bedrock surface. 

Beneath the Hillside Area, perched groundwater exists in colluvial soils just above the soil to bedrock 

interface (refer to Cross-Section B-B' on Figure 3-3). The predominantly sandy clay colluvial deposits 

range in thickness from approximately 40 feet in the area just west of Mahan's Run to approximately 

10 feet in the Hillside Area. The saturated thickness of the perched groundwater zone is generally less 

than 5 feet beneath the Hillside Area. 
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In order to evaluate the physical characteristics of the fill material in the perched groundwater zone and 

naturally occurring soils in the alluvial aquitard and alluvial aquifer, thirteen additional subsurface soil 

samples were collected for analysis of physical properties. Two samples each were collected from the 

perched and upper alluvial aquifer zones and one sample was collected from the lower alluvial aquifer 

zone for characterization of aquifer physical properties. Four Shelby tube samples were collected at two 

locations from the alluvial aquitard for physical property analysis and falling head permeability testing. 

Finally, four subsurface soil samples were collected from Hillside Area soil borings located near the North 

and South Tar Wicking Areas for physical property analysis to be used for potential stability and 

treatability analysis. These samples were originally proposed to be collected with corresponding Shelby 

tube samples for analysis of falling head permeability. However, due to the slag content in the Hillside 

Area fill material, Shelby tube sampling was not possible. 

The alluvial aquitard physical properties soil samples were shipped in sealed Shelby tubes directly to 

Geotechnics in Pittsburgh, Pennsylvania for analysis. The samples were analyzed for the following 

parameters: 

• Porosity; 

• Grain size; 

• Moisture content; 

• Total organic carbon; 

• Bulk Density; and 

• Permeability . 

The aquifer physical properties samples were shipped in airtight ziplock bags directly to Geotechnics in 

Pittsburgh, Pennsylvania for analysis. The samples were analyzed for the following parameters: 

• Porosity; 

• Grain size; 

• Moisture content; 

• Total organic carbon; and 

• Bulk Density. 

The Hillside Area physical properties samples were shipped in airtight ziplock bags directly to 

Geotechnics in Pittsburgh, Pennsylvania for analysis. The samples were analyzed for the following 

parameters: 

• Unit weight; 

• Moisture content; 

i 
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In addition to the above, one Hillside Area physical properties sample was analyzed for strength using the 

unconsolidated undrained triaxial compression test (ASTM 02850-95). Hydrometer and Atterberg limit 

testing on the Hillside Area samples was unsuccessful since the material did not possess plastic 

properties. Laboratory analyses of the physical properties samples were conducted using methods 

outlined in Table 11 (Sample Preparation and Analytical Methods) of the RFI Workplan. The laboratory 

analytical results for subsurface soil physical properties samples are presented on Table 3-1. 

A review of Table 3-1 indicates that physical characteristics of the alluvial aquitard are very comparable 

between the two sampled locations. At monitoring well MWC11 the aquitard characterizes as a silty sand 

with 41 percent porosity, 1.5 percent total organic content (TOC), and a permeability of 1.80 x 1 0-s 

em/sec. At monitoring well MWC41 the aquitard characterizes as a sandy silt with 37 percent porosity, 

2.1 percent total organic content (TOC), and a permeability of 2.20 x 1 a-s em/sec. The comparability of 

the laboratory analytical data at these two locations correlates to field observations which consistently 

characterize the aquitard as fine grained sediment with varying amounts of clay, silt and fine sand. 

Laboratory determined physical properties of the alluvial aquifer also indicate comparable data between 

the two upper alluvial samples collected at monitoring wells MWC21 and MWD21. At both locations, the 

aquifer characterizes as a poorly graded sand with silt and gravel. Porosity and TOC content show little 

variability with results ranging from 26 to 31 percent porosity and 1.2 to 2.6 percent TOC. The lower 

alluvial aquifer sample collected at MWD3D is similarly comparable, characterizing as a well graded sand 

with silt and gravel, with 39 percent porosity and 0. 7 percent TOC. 

Not surprisingly, the fill material occupying the perched groundwater zone displayed a greater degree of 

variability between the two sampled locations. At monitoring well MWC2P, the fill material characterizes 

as a poorly graded gravel with silt and sand, with 70 percent porosity and 8.2 percent TOC. Fill material 

at monitoring well MWC4P characterizes as a well graded gravel with sand, with 46 percent porosity and 

3.3 percent TOC. It should be noted that porosity values for the perched zone fill material and alluvial 

aquifer were obtained from disturbed bag samples molded for bulk density determinations. Therefore, 

these values may not reflect actual in-place porosity values. However, laboratory determined porosity 

values for the perched zone fill material and alluvial aquifer soils were mostly within the range of typical 

values for sand and gravel of 25 to 50 percent (Freeze and Cherry, 1979). 
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The hydraulic conductivities of the perched zone fill material, the perched colluvial aquifer, and the upper 

and lower portions of the sand and gravel alluvial aquifer were evaluated based on slug tests conducted 

on monitoring wells located throughout the Facility. Each test was conducted by adding or removing a 

known volume of water from the well (using a weighted slug), then measuring water level recovery with 

time using a 10 psi pressure transducer and Hermit data logger system. Based on a field assessment of 

data quality, slug testing was repeated at some monitoring wells. The resulting water level recovery data 

were analyzed using Aqtesolv™ and the Bouwer-Rice method (Bouwer and Rice, 1976). The slug test 

data and analyses are presented in Appendix C and are summarized on Table 3-5. 

A review of Table 3-5 indicates that hydraulic conductivity for the perched zone fill material is highly 

variable with values ranging from 0.04 feet/day at MWD1P and MWB1P to 129 feet/day at MWC4P. 

Alluvial deposits in the upper portion of the alluvial aquifer are much less variable with hydraulic 

conductivity values ranging from 0.5 feet/day at MWC21 to 19.9 feet/day at MWB11. The lower portion of 

the alluvial aquifer is slightly more variable with values ranging from 1.0 feet/day at MW-2A and 

194 feet/day at MWB1D. Finally, slug tests completed at Hillside Area monitoring wells MWH1 and 

MWH2, screened in both fill material and underlying colluvial soils, indicate hydraulic conductivity values 

of 0.11 feet/day and 0.42 feet/day respectively. 

3.4.5 GROUNDWATER FLOW PATTERNS AND RATES 

Water Level Measurements and Monitoring Stations 

Groundwater flow patterns within the Facility were evaluated based on groundwater and surface water 

measurements collected between May 2004 and March 2005. The locations of groundwater and surface 

water monitoring stations are shown on Figure 3-1 for the Plant Area and Figure 3-2 for the Hillside Area. 

The water level monitoring program is discussed in more detail below. 

Temporary piezometers were installed in each Plant Area soil boring except for SBA11 and SBE8 through 

SBE15 to obtain water level measurements and groundwater samples from the perched zone at the 

completion of drilling. These measurements were taken between May 2004 and June 2004. Additional 

water level elevations were measured in open boreholes at soil borings installed in the Hillside Area and 

former Ash Screening Area between July and October 2004. Groundwater levels were measured in RFI 

and previously installed groundwater monitoring wells on three occasions in November 2004, January 

2005, and March 2005. As discussed previously, soil borings and monitoring wells installed in the Hillside 

Area provide information on the water table surface in the perched colluvial aquifer. The Plant Area soil 

borings and P-series wells were screened across the perched water table and, therefore, provide water 

levels that are representative of the water table surface in the shallow fill materials. The 1-series wells are 
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screened in the upper 10 feet of the alluvial aquifer and represent the piezometric surface under the 
confining alluvial aquitard. The D-series wells are screened within the lower 10 feet of the alluvial aquifer 
(on top of bedrock) and provide deeper water levels that may be used to evaluate vertical hydraulic 
gradients within the alluvial aquifer at the nested well locations. A summary of monitoring well 
construction specifications and water level measurements is presented in Table 3-2. Groundwater 
contours and flow directions for the alluvial aquifer are shown in Figure 3-6. Localized depressions and 
swales on the original surface of the alluvial sediments contribute to the variable occurrence and 
discontinuous flow of groundwater in the perched zone. Therefore, contours of the contact elevation 
between the fill and the alluvium are shown on Figure 3-5 to assist with evaluating groundwater 
movement in the perched zone. 

Surface water elevation measurements were also taken at two staff gauges in the Ohio River (OR-1 and 
OR-2) and three staff gauges in Mahan's Run (MHR-1 through MHR-3). The location and elevation of 
staff gauges as shown on Figure 3-1 were surveyed by a licensed West Virginia Surveyor. A summary of 
the staff gage measurements is presented on Table 3-3. 

Groundwater Flow Patterns 

Groundwater flow patterns and their relationship to the Ohio River were evaluated based on the 
groundwater and surface water level information discussed in the previous section. 

Figure 3-6 shows water table elevation contours and approximate lateral groundwater flow patterns for 
the alluvial aquifer within the Facility based on water levels measured in the alluvial aquifer monitoring 
wells in March 2005. A review of Figure 3-6 shows that lateral groundwater flow direction within the 
alluvial aquifer beneath the Facility is generally westward with groundwater discharge to the Ohio River. 
Groundwater flow patterns in the eastern portion of the Plant Area are more steeply sloping which may be 
controlled in part by permeability contrasts between the sandy clay colluvial soils and adjacent sand and 
gravel aquifer. As reported in the RFI Workplan, the colluvial soil in the subsurface east of the Plant Area 
and the alluvial aquifer beneath the Plant Area are hydraulically connected. Groundwater flows westerly 
from the sandy clay colluvium and laterally recharges the sand and gravel alluvial aquifer near the 
eastern limits of the Plant Area. Moving through the highly permeable sands and gravels of the alluvial 
aquifer, horizontal flow gradients become relatively flat with only a slight gradient towards the Ohio River. 
Because the alluvial aquifer and the Ohio River are in hydraulic communication, reversals in hydraulic 
gradients between the Ohio River and the alluvial aquifer likely occur during high river flow conditions. 
Groundwater also becomes confined as it flows from the colluvium to the alluvial aquifer due to the fine 
grained (alluvial aquitard) sediments that overlie the sands and gravels. 

' . 
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A comparison of the water levels measured in I and D-series wells at the nested well locations (refer to 

Table 3-2 and Cross-Sections A-A', B-B', and C-C' on Figures 3-3 and 3-4) shows a consistent pattern of 

little to no vertical hydraulic gradients in the alluvial aquifer beneath the Plant Area. The vertical gradients 

are summarized on Table 3-4 and range from slight upward gradients at MWB21/MWB2D to slight 

downward gradients at MWB31/MWB3D and MWD31/MWD3D. The water level in bedrock monitoring well 

R-31 0 was consistently higher (by approximately 0.5 feet) than the water level in the adjacent lower 

alluvial well R-21 0, indicating upward gradients from the bedrock to the alluvial aquifer. This is consistent 

with the findings of the RFI completed for the adjacent Koppers facility. 

Water levels measured in select soil borings/temporary piezometers and P-series monitoring wells were 

used to evaluate groundwater occurrence and flow patterns in the perched groundwater fill material 

underlying most of the Plant Area. Localized depressions and swales on the original flood plain surface 

of alluvial sediments contribute to the variable occurrence and discontinuous flow of groundwater in the 

perched zone. Due to the discontinuous nature of perched zone groundwater, contours were developed 

of the original flood plain surface elevation as shown on Figure 3-5 to assist with evaluating groundwater 

movement in the perched zone. 

As discussed in Section 3.4.4, perched groundwater in the Plant Area rests on the alluvial aquitard, which 

defines the base of the perched zone and limits downward infiltration. A review of Figure 3-5 also 

indicates that continuous lateral flow within the perched zone is restricted by local depressions in the 

original flood plain surface. Higher elevations of the flood plain surface along the eastern and most of the 

western boundary to the Main Plant area provide further restrictions to lateral flow beyond the limits of the 

Facility. Consequently, perched groundwater collects in localized depressions in the original flood plain 

surface and slowly infiltrates the alluvial aquitard. 

The perched groundwater zone beneath the Hillside Fill Area exists in colluvial soils just above the soil to 

bedrock interface (refer to Cross-Section B-B' on Figure 3-3). Precipitation that infiltrates the ground 

surface migrates vertically downward through the Hillside Area fill material and colluvial soils until it 

reaches the bedrock surface which closely mimics surface topography. Lateral movement of the perched 

groundwater follows the bedrock surface to the west eventually discharging to Mahan's Run. 

, .. 
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Groundwater flow velocities in the alluvial aquifer beneath the Facility were estimated using the following 

equation: 

Where 

k = hydraulic conductivity (ft/day) 

i = hydraulic gradient (ftlft} 

ki 
V=

n 

n =effective porosity (dimensionless) 

The hydraulic conductivity of the alluvial aquifer was estimated based on the results of the slug test 

analyses presented in Section 3.4.4. Using the calculated hydraulic conductivities and the hydraulic 

gradients shown on Figure 3-6, groundwater flow velocities were estimated along Cross-Sections B-B' 

(beneath Battery Nos. 1, 2, and 3 to the Ohio River) and C-C' (west of the former Ash Screening Area to 

the Ohio River) as shown on Figures 3-3 and 3-4. The hydraulic conductivity of the alluvial aquifer was 

found to range from 0.5 ftlday to 194 ftlday. Based on a measured hydraulic gradient of 1.01 x 10-4 

(MWB21 to MWD31) and average effective porosity of 32 percent (assuming effective porosity is nearly 

equal to overall porosity for the sand and gravel aquifer), the groundwater flow rate along Cross-Sections 

B-B' beneath Battery Nos. 1, 2, and 3 to the Ohio River is estimated to range from 1.6 x 1 0-4 ftlday to 

0.061 ftlday. Based on a measured hydraulic gradient of 4.02 x 10-3 (PDA-2 to P-21) and average 

effective porosity of 32 percent, the groundwater flow rate along Cross-Sections C-C' west of the former 

Ash Screening Area to the Ohio River is estimated to range from 6.3 x 1 o-3 ftlday to 2.4 ftlday. 
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This section presents a brief summary of the Solid Waste Management Units (SWMUs) at the Facility, a 

discussion of those SWMUs or areas that were targeted for investigation, and a discussion of the 

potential contaminants associated with those SWMUs/areas. 

4.1 SOLID WASTE MANAGEMENT UNITS 

A listing and locations of the SWMUs identified in the RFI Workplan are presented on Figures 2-2 and 

3-1. Note that the Facility was divided into eight sectors (A through H) in the Workplan based on similar 

operations or waste management processing, and the SWMUs are labeled accordingly. The SWMUs 

include former/current ASTs, former/current USTs, transformers, sumps, and currenUformer process and 

waste management areas. In addition, COG Drip Legs which formerly discharged to the ground surface 

are identified with a unique symbol. For the sake of clarity, the drip legs in each sector were assigned the 

same SWMU identification number, rather than a unique SWMU identification number assigned to each 

drip leg. 

4.2 POTENTIAL RELEASE AREAS 

SWMUs or areas of the Facility with known or suspected contaminant releases were described in the RFI 

Workplan. A summary of these areas is as follows: 

• The former Allied No. 6 Fuel Oil Storage Area (SWMU A-1 ), where oil has been identified in the 

subsurface and along the slopes adjacent to Mahan's Run; 

• The Byproducts Area (Sector B), which is the area that is the most active in terms of operations 

and waste generation, and where free product has been identified in the subsurface; 

• COG Drip Legs that formerly discharged to ground (SWMUs A-14, B-30, C-20, E-4, F-4, and 

H-12); and 

• Areas of TDS material management or disposal, including: 

Former TDS Staging Area/Hatcher's Pad (SWMU D-2); 

BOF Residuals Storage Area (SWMU E-1 ); 

Plant Debris Area (SWMU E-2); 

Former Ash Screening Area (SWMU E-3); and 

Former Hillside Disposal Area (SWMU H-1). 

:. 
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• The former Tank Car Cleaning Area associated with the light oil refining process (SWMU 

A-12); and 

• The Provenzano Trucking leased property where vehicle maintenance and fueling operations 

have been historically conducted. 

The SWMUs/areas described above were targeted for investigation during the RFI. In addition, based on 

the results of the Phase I ESAs that were performed in conjunction with the RFI, soil and groundwater 

samples were collected at the former Murphy Construction Company Leased Property located east of 

Route 2 and the current Murphy Consolidated Industries Leased Property located in the southern portion 

of the Facility. Vehicle maintenance and fueling operations have historically occurred at both of these 

locations. 

4.3 WASTE CHARACTERISTICS AND POTENTIAL CONSTITUENTS OF CONCERN 

This section provides general information regarding the characteristics and potential constituents of 

concern related to the wastes managed/products used at each of the SWMUs/areas identified in the 

previous section. 

No. 6 Fuel Oil (Former Allied Oil AST Area. SWMU A-1) - No. 6 Fuel Oil is highly viscous and is not 

particularly soluble or volatile. It may be denser or lighter than water, depending on temperature. 

Primary constituents include polynuclear aromatic hydrocarbons (PAHs) and, to a lesser extent, volatile 

aromatic hydrocarbons such as benzene, toluene, ethylbenzene, and xylenes (BTEX). 

Tar and Tar Decanter Sludge (Byproducts Plant Area. tar pipeline. and TDS management and disposal 

areas) - Coal tar is a highly viscous material and is a complex mixture of organic chemicals. It is 

generally denser than water. Primary constituents include PAHs, BTEX, phenol, methylphenols (cresols), 

and dimethyl phenols. TDS .contains many of the constituents present in the tar and also constituents 

contained in flushing liquor (ammonia and cyanide). 

Light Oil (Byproducts Plant Area. former Light Oil Refining Area) - Light oil is a translucent yellow-brown 

oil with medium solubility and volatility, and is less dense than water. Primary constituents include BTEX 

and naphthalene. A phenolics plant also formerly operated near the Byproducts Plant. This facility was 
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used to recover phenol from the weak ammonia liquor. The primary constituents associated with the 

phenolics plant operations included ammonia, phenol, and various substituted phenols such as ortho-, 

meta-, and para-cresol (or 2-methylphenol, 3-methylphenol, and 4-methylphenol). 

Coke Oven Gas Condensate (COG DriP Legs)- COG condensate is essentially water with trace amounts 

of organic and inorganic constituents. Primary constituents include PAHs, BTEX, trace metals, phenolic 

compounds, and cyanide. 

Gasoline and Diesel Fuel (Provenzano and Murphy Leased Properties. Former Diesel UST in Plant Area) 

-Gasoline is highly volatile and water soluble, while diesel is much less volatile and soluble. Both fuels 

are less dense than water. Primary constituents related to gasoline are BTEX, cumene, and naphthalene 

(and potentially lead and MTBE depending on the age of the fuel). Primary constituents related to diesel 

are BTEX and lighter end PAHs. 

4.4 WASTE/CONSTITUENT MIGRATION POTENTIAL 

This section provides information regarding the general chemical and physical properties and the 

migratory potential for the major classes of constituents of concern, including: 

• Monocyclic Aromatic Hydrocarbons; 

• Polycyclic Aromatic Hydrocarbons; 

• Phenol and Substituted Phenols; 

• Cationic/Anionic Metals and Cyanide; and 

• Ammonia. 

Monocyclic Aromatic Hydrocarbons - Monocyclic aromatics such as BTEX are generally subject to 

relatively rapid biodegradation contingent upon the availability of micorflora, macronutrients, pH, and 

temperature. These compounds are generally relatively water soluble, with solubilities ranging as high as 

1,780 mg/L (benzene). They are volatile in nature as exhibited by their vapor pressures which range to 

100 mm Hg (benzene). These compounds are not particularly sorptive to soils or sediment as shown by 

their low organic carbon partition coefficients which range no higher than 1,1 00 Llkg (benzene). They are 

also not particularly amenable to bioaccumulation as evidence by their low octanollwater partition 

coefficients (e.g., ethylbenzene Kaw = 2,200 mg/Umg/L). 
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The monocyclic aromatic hydrocarbons are most likely to migrate as a result of volatilization to the 

ambient air or via leaching to groundwater followed by advective transport. Although they are not 

particularly sorptive, they may also migrate via erosional processes such as overland runoff of soils or as 

a result of fugitive dust emissions. 

Polycyclic Aromatic Hydrocarbons - PAHs have high molecular weights and include acenaphthylene, 

anthracene, benzo(a)pyrene, benzo(a)anthracene, benzo(g,h,i)perylene, chrysene, fluoranthene, 

fluorene, naphthalene, pyrene, and phenanthrene. The majority of the PAHs are relatively insoluble in 

water. Of the various PAHs, naphthalene exhibits the greatest water solubility (30 mg/L). The PAHs are 

semi-volatile chemicals and typically have low vapor pressures with the exception of naphthalene, which 

sublimates. For example the vapor pressures of anthracene, benzo(a)pyrene, fluoranthene, pyrene, and 

naphthalene are 1.7E-5, 5.6E-9, 5.5E-6, 2.5E-6, and 8.7E-2 mm Hg. These compounds are generally 

highly sorptive to soils and sediment, with the exception of the more soluble species such as 

naphthalene. This is demonstrated by their high organic carbon partition coefficients (Koc). The Koc 
values for the preceding five PAHs are 1.4E4, 5.5E6, 3.8E4, 3.8E4, and 9.4E2, respectively. Although 

PAHs have high octanol water partition coefficients, they are not particularly amenable to bioaccumulation 

since they are easily metabolized by most aquatic organisms (excluding bivalves, crustacea, and catian 

flatfish) and terrestrial organisms (excluding nonmammalian species). 

PAHs are most likely to migrate as a result of erosional processes including fugitive dust emissions and 

aeolian transport and by overland runoff in the sorbed phase. Although they are not particularly volatile or 

water soluble, naphthalene in particular may be subject to volatile releases and to leaching and 

subsequent advective transport in groundwater. 

Phenol and Substituted Phenols - This class of chemicals is characterized by a benzene ring substituted 

with a hydroxyl group. Phenol is hydroxylated benzene, while other major non-chlorinated phenolics are 

typically substituted with methyl groups at various positions on the ring. In general, phenols are quite 

water soluble relative to other constituents encountered in environmental media. For example, the water 

solubility of phenol is 93,000 mg/L. They are not particularly volatile as indicated by their low vapor 

pressures (e.g., the vapor pressure of phenol is 0.34 mm Hg). Phenols have relatively low potential for 

adsorption to soil as evidenced by their low organic carbon partition coefficients (e.g., phenol Koc = 14). 

They have relatively low octanol/water partition coefficients (phenol Kow = 30) and are not particularly 

bioaccumulative. Phenols are subject to biodegradation in aquatic environments. 
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Phenolics are most likely to migrate as a result of leaching to groundwater followed by advective transport 

or via runoff in the dissolved phase. Although they are not particularly sorptive, they may also migrate via 

erosional processes such as overland runoff of soils or as a result of fugitive dust emissions. 

Volatilization is not a significant release mechanism for phenolics. 

Cationic/Anionic Metals and Cyanide - Metals are prevalent in surface soil, subsurface soil, and 

groundwater at the Facility. This is expected given the nature of Facility operations (i.e., coke making and 

sinter plant operations), as well as the nature of the fill material that has historically been used to bring the 

Facility to grade (metallurgical slag fill). Metals are also naturally prevalent in both soil and groundwater 

since they are non-manmade chemicals. Metals are persistent in the environment and are not subject to 

attenuation mechanisms such as biodegradation, photolysis, hydrolysis, volatilization (except mercury}, 

etc. Metals are subject to attenuation via sorption via either cation exchange with other metals in clay 

lattices or via sorption to humic and fulvic acids. Many metals also exhibit the tendency to bioaccumulate. 

Cyanide seldom exists as the free cyanide ion in the environment; it typically forms insoluble metal 

cyanides but may form soluble metallocyanide complexes if present in excess. Hydrogen cyanide is quite 

volatile, and volatilization is a significant release mechanism for this species. Hydrogen cyanide and 

metallic cyanides are not bioaccumulated and are subject to biodegradation at low concentrations. 

Cyanides are sorbed by organic matter and by clays to some extent, although this is not considered a 

significant attenuation mechanism. 

The major transport mechanisms for metals include overland runoff as sorbed species, leaching and 

subsequent groundwater advection, and fugitive dust emission and atmospheric transport. The major 

transport mechanisms for cyanide include overland runoff as dissolved or sorbed species, leaching and 

subsequent groundwater advection, and fugitive dust emission and atmospheric transport, and 

volatilization (hydrogen cyanide). 

Ammonia - Ammonia is a naturally-occurring compound that is an intermediate in the global nitrogen 

cycle. It is essential for many biological processes and is a central compound in all living organisms. 

Nitrogen is converted from atmospheric N2 to other forms by different processes. Nitrogen fixation (the 

process of converting atmospheric N2 to NH3} occurs naturally due to biological processes. The current 

amount of nitrogen fixation that occurs by industrial processes equals that of natural, terrestrial nitrogen 

fixation. 

Because of its role in natural processes and cycles, ammonia is found at low concentrations in most 

environmental media. In determining the environmental fate of ammonia, several factors should be 

considered, the primary one being that ammonia is the most abundant alkaline gas in the environment. 

An acid-base reaction between water and ammonia occurs such that the dominant form of ammonia in 
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water, at environmentally relevant pHs, is the ammonium ion. In media where water is usually present, 

such as soil, plants, biological tissue, and water itself, ammonia and ammonium are in dynamic 

equilibrium. 

Ammonia may be released to the atmosphere by volatilization from decaying organic matter, livestock 

excreta, fertilizers, venting of gas, leaks, or spills during commercial synthesis, production, transportation, 

or refrigeration equipment failure; sewage or waste water effluent; fossil fuel combustion, and volcanic 

eruptions. Ammonia may be released to water from sewage treatment plant effluent, industrial 

discharges, and agricultural run-off. Ammonia may be released to soils from fertilizers livestock, organic 

material decay, and indirectly from natural fixation of atmospheric nitrogen. In this latter case, ammonia 

releases can occur following nitrogen fixation by free-living microbes and plant symbiotic nitrogen-fixing 

bacteria. 

Atmospheric ammonia can be removed by rain or snow washout. Reactions with acidic substances, such 

as H2S04, HCI, HN03, or N oxides, produce ammonium aerosols, which can undergo dry or wet 

deposition. The gas phase reaction of ammonia with photochemically produced hydroxyl radicals is 

thought to contribute about 10 percent to the overall atmospheric removal process. The best estimate of 

the half-life of atmospheric ammonia is a few days. 

In water, ammonia volatilizes to the atmosphere, is transformed to other nitrogenous compounds, or may 

be bound to materials in the water. Volatilization is highly pH-dependent and can also depend on other 

factors such as temperature, wind speed, and atmospheric ammonia concentration. Transformation of 

ammonia in water occurs primarily by the microbial processes of nitrification and to lesser extents, 

denitrification. Removal of ammonium from water can also occur by adsorption to sediments or 

suspended organic material. 

In soil, ammonia may either volatilize to the atmosphere, adsorb to particulate matter, or undergo 

microbial transformation to nitrate or nitrite anions. Uptake by plants can also be a significant fate 

process. Ammonia at natural concentrations in soil is not believed to have a very long half-life. 
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The investigation program for the Steubenville East Coke Plant included sampling and analysis of surface 

soil, subsurface soil, soil gas, groundwater, free product, surface water, and sediment to evaluate the 

potential for previous or ongoing release of hazardous constituents to the environment. The sampling 

and analysis program followed the detailed specifications outlined in Sections 2.3 through 2.6 and 

Appendices D (Pace Laboratory and Microseeps Laboratory Quality Assurance Plans) and E (Standard 

Operating Procedures) of the RFI Workplan. This section provides a general description of the sampling 

and laboratory analytical procedures, as well as the constituents analyzed for each matrix. 

5.1 SURFACE SOIL 

A total of 44 surface soil samples was collected from the upper one-foot of soil at each soil boring and 

monitoring well located in the Plant Area using geoprobe or hollow stem augers and split spoon samplers. 

Surface soil samples were also collected from three locations in Sector F and two locations in Sector G. 

Finally, background surface soil samples were collected from five locations in the Hillside Area. The 

following presents a detailed breakdown of the locations targeted for investigation: 

• Four samples from borings SBA 1 through SBA4 located in Sector A at the former Allied Oil 

ASTarea; 

• Two samples from soil borings SBA5 and SBA6 located in Sector A at the North End COG 

Drip Legs and Fuel Condensate Tanks; 

• Four samples from borings SBA7 through SBA 10 located in Sector A at the former Light Oil 

Refining Area; 

• One sample from boring SBA 11 located in Sector A at the former Tank Car Cleaning Area; 

• Eight samples from monitoring well clusters MWB1 through MWB3 located in the Sector B 

Byproducts Area; 

• Four samples from monitoring well clusters MWC1 through MWC4 located in Sector C 

between the coke batteries and coal pits; 

• One sample from soil boring SBC1 located in Sector Cat the Batteries COG Drip Leg; 
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• Four samples from soil boring SBD1 and monitoring well clusters MWD1 through MWD3 

located in Sector D near the former Tar Decanter Sludge Staging Pad (Hatcher's Pad) and 

AKJ Process Tank Area; 

• Seven samples from soil borings SBB1 and SBE1 through SBE6 located in Sectors Band E 

at the inactive COG Drip Legs along the inactive COG pipeline to the former Sinter Plant; 

• One sample from soil boring SBF1 located in Sector F at a COG Drip Leg near the former 

Sinter Plant; 

• Five samples from material stockpile areas located in Sector F (SSF1 through SSF3) and 

Sector G (SSG1 and SSG2); 

• Two samples from soil borings SBG1 and SBG2 located in Sector G near the existing diesel 

ASTs at the former Murphy Consolidated Industries Leased Property; 

• Four samples from soil borings SBH1 through SBH4 located in Sector H at the Provenzano 

Trucking Company Leased Property; 

• Two samples from soil borings SBH5 and SBH6 located in Sector H at the former Murphy 

Construction, Inc. Leased Property; and 

• Five samples from the wooded area upslope of the Hillside Fill Area (SSH1 through SSH5) 

located in Sector H to establish background surface soil quality. 

Each of the above sample locations is shown on Figure 3-1 (Site Investigation Map - Plant Area) or 

Figure 3-2 (Site Investigation Map- Hillside Area). 

5.1.1 SAMPLE COLLECTION PROCEDURES 

Sample collection, handling, and shipment procedures were implemented as outlined in Section 2.4.3, 

Table 10 (Sample Container, Preservation, and Holding Time Requirements) and Appendix E (Standard 

Operating Procedures) of the RFI Workplan. A general description of the sampling methodology and 

conditions encountered is presented below. 
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Much of the surface area throughout the Facility is covered with compacted slag, coke, and other fill 

materials and is extremely difficult to penetrate using geoprobe and hand augering techniques. Except 

for surface soil samples collected from soil borings SBA 11, SBD1, and SBE1 through SBE6, surface soil 

samples from soil boring locations were collected using split spoon samplers. In addition, surface soil 

samples SSF1 through SSF3, SSG1 and SSG2, and SSH1 through SSH5 were collected with the use of 

a hand trowel and stainless steel sampling bowl. A description of these sampling procedures is provided 

below. 

Eight surface soil samples were collected from geoprobe soil borings (SBA 11, SBD1, and SBE1 through 

SBE6). These samples were collected from the initial run of the geoprobe core sampler containing the 

targeted 0 to 1-foot depth interval. The acetate Macrocore sample liners were removed from the 4-foot 

barrel sampler upon retrieval from the borehole. The acetate core was then split down the middle and the 

entire core was divided in half using a stainless steel knife. The sample for VOC analysis was collected 

first from the center of the soil core between the 6 to 12-inch interval. The remaining soil from the 0 to 

1-foot interval was homogenized in a stainless steel bowl before filling sample containers for the other 

required analyses. 

The remaining surface soil samples collected from soil boring locations were obtained using split spoon 

soil sampling techniques. These samples were also collected from the initial run of the split spoon 

sampler containing the targeted 0 to 1-foot depth interval. The split spoon was extracted from the soil 

boring and opened to expose the soil core. The sample for VOC analysis was collected first from the 

center of the soil core between the 6 to 12-inch interval. The remaining soil from the 0 to 1-foot interval 

was homogenized in a stainless steel bowl before filling sample containers for the other required 

analyses. 

Surface soil samples SSF1 through SSF3, SSG1 and SSG2, and SSH1 through SSH5 were collected 

with the use of a hand trowel and stainless steel sampling bowl. The hand trowel was used to expose soil 

to a depth of approximately 6 inches where the sample for VOC analysis was collected. The remaining 

soil from the 0 to 1-foot interval was then extracted with the hand trowel and homogenized in a stainless 

steel bowl before filling sample containers for the other required analyses. 

Pre-labeled 125-ml glass containers with Teflon® lined lids were most often used to collect surface soil 

samples for VOC analysis. These containers were filled completely to prevent volatilization to open head 

space. Less frequently, and where soil characteristics permitted, surface soil samples for VOC analysis 

were collected using USEPA Method 5035. For these samples, a disposable syringe was used to extract 

a 5 gram soil sample directly from the soil core. The soil was then placed into a 40 ml glass vial 

! • 
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containing 5 ml of methanol preservative. Two additional 40 ml glass vials preserved with sodium 

bisulfate were also filled with a representative 5 gram soil sample from the same sample interval. Sample 

bottles were immediately labeled and placed in iced coolers at approximately 4°C. 

Prior to initiating soil boring activities at each location, all reusable sampling equipment was thoroughly 

decontaminated using a multi-step procedure in accordance with the decontamination procedures 

outlined in Section 2.4.4 and Appendix E (Standard Operating Procedures) of the RFI Workplan. The drill 

rig and related equipment were decontaminated by first removing gross contamination by steam cleaning 

with potable water and nonphosphate detergent. Once all visible material was removed, a final rinse by 

steam cleaning with potable water was performed. The split spoon soil samplers, geoprobe soil core 

sampler, and reusable hand tools were decontaminated by scrubbing with a brush using tap water and 

low phosphate detergent, rinsing with tap water, then rinsing with deionized water. 

Surface soil samples from soil borings are identified on individual soil boring and monitoring well logs 

included in Appendix B. In addition, sampling locations and a description of materials sampled for 

surface soil samples SSF1 through SSF3, SSG1 and SSG2, and SSH1 through SSH5, is presented on 

Table B-1, located at the end of Appendix B. 

5.1.2 LABORATORY ANALYSIS 

The surface soil samples were shipped in ice-filled coolers directly to Pace Analytical Services, Inc. in 

Export, Pennsylvania for analysis. The samples were analyzed for the following parameters: 

• Target Compound List Volatile Organic Compounds (VOCs); 

• Target Compound List Semi-Volatile Organic Compounds (SVOCs); 

• Target Analyte List Metals; and 

• Cyanide, ammonia, acetophenone, aniline, acetonitrile, pyridine, bis(2-chloroisopropyl) ether, 

butyl benzyl phthalate, and n-nitroso-di-n-propylamine. 

Laboratory analyses of the samples were conducted using methods outlined in Table 11 (Sample 

Preparation and Analytical Methods) of the RFI Workplan. The laboratory analytical results for surface 

soil samples, including a listing of the analytical method used for each constituent are presented in 

Appendix F, Table F-1. 

i .. 
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A total of 57 di~te soil samples was collected for laboratory analysis to characterize contamination of 

the subsurface at the Facility. As described in Section 3.4.1, 70 soil borings were advanced for the 

purpose of characterizing subsurface conditions and collecting subsurface soil samples for laboratory 

analysis at specific SWMU locations. Twenty-seven soil borings used for the installation of monitoring 

wells were also logged and specific samples were selected for laboratory analysis based on field 

screening. Of the 70 soil borings, 32 were completed in the Hillside Fill Area to investigate the extent of 

coal tar derivative material in the subsurface and to characterize the depth and type of fill material. 

Subsurface soil samples for analytical testing were only collected from six of these borings (SBH19, 

SBH21, SBH22, SBH23, SBH24 and SBH37) to characterize identified soil contamination other than coal 

tar derivatives. Eight borings (SBE8 through SBE15) were advanced in Sector E at the former Ash 

Screening Area for the sole purpose of delineating the extent of coal tar derivative materials in the 

subsurface. Therefore, subsurface soil samples for analytical testing were not collected from these 

borings. 

The locations of the subsurface soil borings in the Plant Area are shown on Figure 3-1. The locations of 

subsurface soil borings in the Hillside Area are shown on Figure 3-2. Boring logs showing subsurface 

conditions encountered in each boring are contained in Appendix B. As discussed in Section 5.1, 

samples collected from 0-1 feet in the subsurface soil borings were evaluated with the surface soil data 

set. 

5.2.1 SAMPLE COLLECTION PROCEDURES 

Sample collection, handling, and shipment procedures were implemented as outlined in Section 2.4.3, 

Table 10 (Sample Container, Preservation, and Holding Time Requirements) and Appendix E (Standard 

Operating Procedures) of the RFI Workplan. A general description of the sampling methodology and 

conditions encountered is presented below. 

Much of the surface area throughout the Facility is covered with compacted slag, coke, and other fill 

materials and is extremely difficult to penetrate using geoprobe and hand augering techniques. Except 

for samples collected from soil borings SBA11, SBD1, and SBE1 through SBE6, subsurface soil samples 

were collected using hollow stem augers and split spoon samplers. A description of these sampling 

procedures is provided below. 

I ,. 
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Eight soil borings (SBA 11, SBD1, and SBE1 through SBE6) were advanced using direct-push geoprobe 

techniques. These borings were advanced through the fill materials and into the underlying alluvial soils 

to verify that the fill/alluvial contact has been identified. Macrocore soil core samples were collected 

continuously at each boring. The acetate Macrocore sample liners were removed from the 4-foot barrel 

sampler upon retrieval from the borehole. The acetate core was then split down the middle and the entire 

core was divided in half using a stainless steel knife. The core interval was then field screened for VOCs 

using a photoionization detector (PID) in accordance with Standard Operating Procedure No. 20 

(Calibration and Use of the PID) of the RFI Workplan. A portion of the sample from each core interval 

was also placed in a polyethylene ziplock bag and set aside for subsequent PID headspace screening. 

Organic vapor readings were used as a guide to determine intervals to be sampled for laboratory 

analytical testing. Core samples from each soil boring were also classified by the field geologist for gross 

composition, texture, color, relative degree of saturation, and other observable characteristics. Based on 

the results of PID screening and field observations, at least one subsurface soil interval with the greatest 

identified potential for contamination was targeted for sampling and laboratory analysis. Additional soil 

samples were selected from several of these borings where more than one potentially contaminated zone 

was identified above the water table. If free product was encountered in the boring, the soil immediately 

adjacent to the product zone was sampled. Where field screening did not identify obvious signs of 

contamination, the soil core interval located directly above the uppermost water bearing zone was 

sampled. 

The remaining soil borings were completed using a 4.25-inch hollow stem auger and continuous split 

spoon soil sampling. The split spoon soil core sampler was advanced below the hollow stem auger in 

order to extract an undisturbed 2-feet sample core. This process was repeated, advancing the hollow 

stem augers to serve as casing above each subsequent sample interval, until the contact between fill 

materials and underlying alluvial soils was encountered. The split spoon was extracted from the soil 

boring and opened to expose the soil core. The core interval was then field screened for VOCs with the 

PID and classified by the field geologist for gross composition, texture, color, relative degree of saturation, 

and other observable characteristics. A portion of the sample from each core interval was also placed in 

a polyethylene ziplock bag and set aside for subsequent PID headspace screening. Based on the results 

of PID screening and field observations, at least one subsurface soil interval with the greatest identified 

potential for contamination was selected for sampling and laboratory analysis. Where field screening did 

not identify obvious signs of contamination, the soil core interval located directly above the uppermost 

water bearing zone was sampled. 

At locations targeted for the installation of upper and lower alluvial groundwater monitoring wells, a 

second and third borehole were advanced using hollow-stem augers for the purposes of installing a 

1 0-inch PVC casing into the fine grained zone separating the perched and alluvial aquifer zones. 

' 
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Continuous split spoon sampling at these locations was initiated at the depth corresponding to the split 

spoon sampling termination point in the previous boring. Alluvial aquifer soils were sampled with the split 

spoon, screened, characterized, and selected for laboratory analysis using the same process as 

described above for perched zone installations. 

The interval selected for laboratory analysis at each soil boring was first sampled for VOC analysis by 

directly placing soil from the center of the soil core into a 125-ml pre-labeled glass container using a 

stainless steel spatula. The VOC sample jars were filled completely to prevent open head space and 

capped tightly with a Teflon® lined lid. Less frequently, and where soil characteristics permitted, soil 

samples for VOC analysis were collected using USEPA Method 5035. For these samples, a disposable 

syringe was used to extract a 5 gram soil sample directly from the soil core. The soil was then placed into 

a 40 ml glass vial containing 5 ml of methanol preservative. Two additional 40 ml glass vials preserved 

with sodium bisulfate were also filled with a representative 5 gram soil sample from the same sample 

interval. The remaining soil from the targeted sample interval was homogenized in a stainless steel bowl 

before filling sample containers for the other required analyses. Sample bottles were immediately labeled 

and placed in iced coolers at approximately 4°C. After allowing the ziplock bag samples to set for at least 

30 minutes at an ambient temperature of 60 to 70 degrees, the headspace of each ziplock bag was then 

screened using the PID and the readings recorded on the field log. 

Prior to initiating soil boring activities at each location, all reusable sampling equipment was thoroughly 

decontaminated using a multi-step procedure in accordance with the decontamination procedures 

outlined in Section 2.4.4 and Appendix E (Standard Operating Procedures) of the RFI Workplan. The drill 

rig and related equipment were decontaminated by first removing gross contamination by steam cleaning 

with potable water and nonphosphate detergent. Once all visible material was removed, a final rinse by 

steam cleaning with potable water was performed. The split spoon soil samplers, geoprobe soil core 

sampler, and reusable hand tools were decontaminated by scrubbing with a brush using tap water and 

low phosphate detergent, rinsing with tap water, then rinsing with deionized water. 

Subsurface soil sampled from soil borings are identified on individual soil boring and monitoring well logs 

included in Appendix B. The soil boring logs also provide a detailed lithologic description, PID headspace 

readings, and a description of other visual/textural/olfactory signs of contamination for each boring. 

5.2.2 LABORATORY ANALYSIS 

The subsurface soil samples for chemical analysis were shipped in ice-filled coolers directly to Pace 

Analytical Services, Inc. in Export, Pennsylvania for analysis. The samples were analyzed for the 

following parameters: 

I. 
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• Cyanide, ammonia, acetophenone, aniline, acetonitrile, pyridine, bis(2-chloroisopropyl) ether, 

butyl benzyl phthalate, and n-nitroso-di-n-propylamine. 

Laboratory analyses of the samples were conducted using methods outlined in Table 11 (Sample 

Preparation and Analytical Methods) of the RFI Workplan. The laboratory analytical results for 

subsurface soil samples, including a listing of the analytical method used for each constituent are 

presented in Appendix G, Table G-1. 

5.3 SOIL GAS 

Soil gas samples were collected from 35 locations in the Hillside Fill Area to further delineate the potential 

presence of subsurface materials containing organic constituents. In order to adequately cover the entire 

area, sample locations were predetermined based on a 1 00-feet grid pattern. Additional sample locations 

were chosen to provide more comprehensive coverage in the vicinity of the North and South Tar Wicking 

Areas. Soil gas sampling locations are shown on Figure 3-2. Results of laboratory analysis of the soil 

gas samples are included in Appendix K, Table K-1. 

5.3.1 SAMPLE COLLECTION PROCEDURES 

Soil gas samples were collected using equipment and procedures outlined in the Microseeps, Inc., 

document titled "Methods and Procedures for use of Microseeps Soil Gas Sampling System". A general 

description of this procedure is presented below. 

Sample collection was initiated at each location by installing a %-inch diameter pilot hole up to 3 feet in 

depth using a solid steel probe and 7 pound slide hammer. A hollow stainless steel rod with a perforated 

8-inch tip was then inserted into the pilot hole. A rubber slide gasket was then inserted into the upper 

portion of the annulus between the pilot hole and the stainless steel rod to prevent ambient air infiltration. 

The upper portion of the hollow stainless steel rod was fitted with a three-way valve connected to a 

250 ml glass and Teflon® sampling syringe. With the three-way valve in the sampling position, the 

syringe was first used to pull soil gas through the perforations in the stainless steel tube into the 250 ml 

glass reservoir. After turning the three-way valve to the exhaust position, the first volume of soil gas was 

expelled into the atmosphere. Upon completion of the purge cycle, the process was repeated. Soil gas 

samples were then collected in 40 ml glass vials with Teflon® faced butyl rubber septa. The exhaust 

outlet from the sampling syringe was fitted with a disposable syringe needle. The syringe needle was 

I , .. 
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used to puncture the rubber septa prior to expelling the soil gas sample into the glass vial. Sufficient soil 

gas was inserted into the glass vial to result in a positive pressure and prevent ambient air intrusion 

through the self sealing rubber septa. The three-way valve was then turned to the off position and the 

glass vial septa was pulled from the syringe needle. Soil gas sample vials were then carefully packaged 

and stored at room temperature until completion of the soil gas sampling event. 

5.3.2 LABORATORY ANALYSIS 

The soil gas sample vials were delivered in protective packaging to Microseeps, Inc. in Pittsburgh, 

Pennsylvania for analysis. The samples were analyzed for total petroleum hydrocarbons and select 

VOCs and SVOCs. 

Laboratory analyses of the samples were conducted using Microseeps Analytical Method AM 4.02. The 

laboratory analytical results for soil gas samples, including a listing of the analytical method used for each 

constituent are presented in Appendix K, Table K-1. 

5.3.3 INTERPRETATION OF RESULTS 

A review of the soil gas analytical results summarized on Table K-1 indicates that most of the sample 

locations contained at least one organic compound at concentrations above the MDL. Low levels of 

o-xylene appeared to be pervasive, appearing in all but one (SGH15A) of the soil gas sample locations. 

Acenaphthylene and pentane were also frequently detected, occurring in 17 and 1 0 of the sample 

locations, respectively. Despite the widespread presence of these compounds, only 10 of the 35 soil gas 

sample locations contained more than three distinct organic compounds. Three of these locations 

(SGH2A, SGH5A, and SGH35A) are situated in close proximity to the North Tar Wicking Area. Four of 

these locations (SGH9A, SGH24A, SGH28A, and SGH34A) are situated downgradient of the South Tar 

Wicking Area, and generally fall within the limits of the identified groundwater plume migrating from South 

Tar Wicking Area (refer to Section 6.3.4.2). The remaining three locations (SGH16A, SGH17A, and 

SGH18A) are situated at the southwest corner of the Hillside Fill Area where soil and groundwater 

sampling both indicate a potential source area. 

5.4 GROUNDWATER 

Twenty-nine groundwater monitoring wells were installed as part of the RFI to facilitate the collection of 

groundwater elevation measurements and groundwater samples. Twenty-nine previously installed wells 

were also used for groundwater elevation measurement and were designated for sampling during the 

RFI. Twenty additional groundwater samples were obtained from temporary soil boring piezometers 
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screened in the perched zone across the Plant Area. Of the monitoring wells installed during the RFI, 

twenty-four were installed in the Plant Area at ten nested locations (MWB1 through MWB3, MWC1 

through ·MWC4, and MWD1 through MWD3). P-series wells were screened across the perched water 

table, the 1-series wells were screened in the upper portion of the alluvial aquifer, and the D-series wells 

were screened in the lower portion of the alluvial aquifer. The twenty-nine previously installed wells were. 

also screened to monitor the perched, upper alluvial and lower alluvial aquifers. Well R-310 is screened 

in bedrock beneath the alluvial aquifer. Five wells were also installed in the Hillside Area to monitor 

perched groundwater downgradient of identified source areas within the Hillside Fill Area. The locations 

of the soil borings, monitoring wells, and the zone monitored for each are shown on Figure 3-1 for the 

Plant Area and Figure 3-2 for the Hillside Area. 

Temporary soil boring piezometers consisted of an open borehole with 5 to 10 feet of 1-inch diameter 

PVC well screen and a filter sock situated in the shallow perched zone groundwater. These temporary 

piezometers were abandoned by pulling the 1-inch PVC and filling the open borehole with hydrated 

bentonite immediately after obtaining a representative groundwater sample. Each monitoring well 

installed as part of the RFI was completed using hollow-stem auger drilling techniques and is constructed 

of 2-inch PVC casing and well screen except for the monitoring wells located in Sector B which are 

constructed of 4-inch PVC casing and well screen. P-series wells were installed with top of the well 

screen (10 feet in length) at least 5 feet above the water table to provide for shallow perched zone 

groundwater monitoring and the capability of identifying any floating free product layer, if present. 1-series 

wells were installed with the well screen (10 feet in length) placed at the top of the alluvial aquifer to 

provide for monitoring within the alluvial aquifer and the capability of identifying free product layer that 

may have migrated vertically downward from the shallow perched zone. D-series wells were installed 

with the well screen (10 feet in length) placed at the base of the alluvial aquifer to provide for deeper 

groundwater monitoring within the alluvial aquifer and the capability of identifying any dense nonaqueous 

phase liquids (DNAPL), if present, at the alluvium/bedrock interface. A more detailed description of the 

well installation procedures is provided in Section 3.4.1. Detailed boring and monitoring well construction 

logs are presented in Appendix B. 

As specified in the RFI Workplan, a complete round of groundwater samples was collected from each of 

the monitoring wells for submission with this RFI Report. Samples were collected between November 

2004 and January 2005. A description of the sampling procedures and the laboratory analysis of 

collected samples is provided in the following sections. 

i 
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In general, groundwater monitoring wells and temporary soil boring piezometers were sampled using low 

flow purging and sampling techniques and a portable bladder pump. Groundwater monitoring wells and 

temporary soil boring piezometers with slow recharge and little well volume were sampled using 

dedicated hand bailers. As agreed with USEPA, temporary soil boring groundwater samples were 

collected to provide an indicator of groundwater contamination at specific locations within the Plant Area, 

but were not used in the risk assessment. 

Prior to sample collection, the water level was measured and recorded and the well evaluated for the 

presence of non-aqueous phase liquids using an electronic dual interface probe. Free product was 

identified in groundwater monitoring wells MWB1P, MWB11, MWB2P, and MWB21. In addition, many of 

the temporary soil borings as well as groundwater monitoring wells MWC1P, MWD2P, MWD3P, GM-2T, 

and SDB3 were dry. Groundwater was not sampled from locations that were dry or where free product 

was identified. 

Following these initial readings, purging of the well was initiated at an approximate rate of 100 to 

BOO ml/min for those wells purged and sampled via low flow techniques. The pump discharge was 

connected directly to a Horiba U-22 flow-through cell for measuring specific conductance, pH, 

temperature, turbidity, dissolved oxygen, oxidation reduction potential (redox), and turbidity. Attempts 

were made to reduce the pumping rate such that the maximum water level drawdown did not exceed 

0.3 feet. ·However, this was not possible in many instances due to slow recharge and limitations with 

adjustments to the air pressure operated bladder pump. Purging of each well via low flow pumping or 

hand bailing continued until the field water quality readings stabilized (:!:1 0 percent for conductance, 

temperature, dissolved oxygen and redox, and .:!:,0.1 units for pH) or in some instances until the well was 

purged dry. Following the stabilization of field parameters, the sample was collected into appropriate 

sample containers directly from the flow through cell discharge line or from the hand bailer. A summary of 

the field monitoring parameters is presented in Appendix H, Table H-3. 

Prior to initiating sampling activities at each location, all reusable sampling equipment was thoroughly 

decontaminated using a multi-step procedure in accordance with the decontamination procedures 

outlined in Section 2.4.4 and Appendix E (Standard Operating Procedures) of the RFI Workplan. The 

reusable bladder pump, and interface probe were decontaminated by scrubbing with a brush using tap 

water and low phosphate detergent, rinsing with tap water, then rinsing with deionized water. To further 

minimize the potential for cross contamination, the reusable pump bladder was replaced after sampling 

any wells with odors or obvious signs of contamination. 
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The groundwater samples collected from the monitoring wells and temporary soil borings were shipped in 

ice-filled coolers directly to Pace Analytical Services, Inc. in Export, Pennsylvania and analyzed for the 

following: 

• Target Compound List VOCs; 

• Target Compound List SVOCs; 

• Target Analyte List Total Metals; 

• Target Analyte List Dissolved Metals; and 

• Cyanide, ammonia, acetophenone, aniline, acetonitrile, pyridine, bis(2-chloroisopropyl) ether, 

butyl benzyl phthalate, and n-nitroso-di-n-propylamine; 

Additional sample bottles were collected for analysis of biogeochemical parameters used as indicators of 

biodegradation of organic contaminants. Analysis of biogeochemical parameters was completed by 

Microseeps, Inc. in Pittsburgh, Pennsylvania. Laboratory analyses of the samples were conducted using 

methods outlined in Table 11 (Sample Preparation and Analytical Methods} of the RFI Workplan. Any 

inorganic constituents detected between the IDL and the CLP Contract Required Detection Limits were 

also flagged with a "J" qualifier. The laboratory analytical results for groundwater samples from 

monitoring wells, including a listing of the analytical method used for each constituent are presented in 

Appendix H, Table H-1. Laboratory analytical results for groundwater samples from the soil 

borings/temporary piezometers are presented in Appendix H, Table H-2. 

5.5 FREE PRODUCT 

One sample of coal tar derivative material was collected from each of the North and South Tar Wicking 

Areas located in the Hillside Fill Area. A third tar seep reportedly located along the hillside adjacent to 

Mahan's Run in the vicinity of Sector A was also proposed for sampling in the RFI Workplan. However, 

several attempts to locate this tar seep proved unsuccessful as it appears hardened pieces of coal tar 

may have been mistaken for an active seep. 

The samples collected from the North and South Tar Wicking Areas in the Hillside Fill Area were analyzed 

for the modified target compound list and hazardous characteristics as specified in Section 1.8.2.14 of the 

RFI Workplan. Laboratory analyses of the samples were conducted using methods outlined in Table 11 

(Sample Preparation and Analytical Methods} of the RFI Workplan. The laboratory analytical results for 

tar wicking area samples, including a listing of the analytical method used for each constituent are 

presented in Appendix L, Table L-1. 
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Twelve surface water samples were collected from Mahan's Run and two additional samples from small 

contributory streams (SPH01 and SPH02) flowing into Mahan's Run in order to determine if any alteration 

of surface water quality has occurred as a result of constituents potentially released from the Hillside Fill 

Area. The locations of the surface water samples collected along Mahan's Run are shown on Figure 3-1. 

Samples were collected June 7- 8, 2004. A description of the sampling procedures and the laboratory 

analysis of collected samples is provided in the following sections. 

5.6.1 SAMPLE COLLECTION PROCEDURES 

The surface water sampling event was completed in the downstream to upstream direction to eliminate 

the effect of stream disturbance on subsequent sample locations. Samples were collected with a clean 

glass beaker by immersing the beaker into the water until partially filled. The first volume of water pulled 

from the stream at each location was used to thoroughly rinse the sample beaker and gloves of the 

sampling personnel. Subsequently collected water was used to carefully fill the pre-labeled sample bottle 

set for each location. After filling the entire bottle set, additional surface water was collected at each 

location for analysis of field parameters using a Horiba U-1 0 for specific conductance, pH, temperature, 

turbidity, dissolved oxygen, and turbidity, and a Horiba U-22 for oxidation reduction potential. Results of 

field parameter analysis for each of the collected surface water samples are presented in Appendix I, 

Table 1-2. 

Prior to initiating sampling activities at each location, the glass sample beaker was thoroughly 

decontaminated using a multi-step procedure in accordance with the decontamination procedures 

outlined in Section 2.4.4 and Appendix E (Standard Operating Procedures) of the RFI Workplan. 

Decontamination was accomplished by scrubbing with a brush using deionized water and low phosphate 

detergent, then double rinsing with deionized water. As discussed above, the sample beaker was also 

rinsed with representative sample water prior to collecting each sample set. 

5.6.2 LABORATORY ANALYSIS 

The surface water samples collected from Mahan's Run and contributory streams were shipped in ice

filled coolers directly to Pace Analytical Services, Inc. in Export, Pennsylvania and analyzed for the 

following: 

• Target Compound List VOCs; 

• Target Compound List SVOCs; 

~: 
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• Cyanide, ammonia, acetophenone, aniline, acetonitrile, pyridine, bis(2-chloroisopropyl) ether, 

butyl benzyl phthalate, and n-nitroso-di-n-propylamine; and 

• Indicator parameters (BOD, COD, TSS, TDS, TOC, alkalinity, and hardness). 

Laboratory analyses of the samples were conducted using methods outlined in Table 11 (Sample 

Preparation and Analytical Methods) of the RFI Workplan. The laboratory analytical results for surface 

water samples, including a listing of the analytical method used for each constituent are presented in 

Appendix I, Table 1-1. 

5.7 SEDIMENT 

Twelve stream sediment samples were collected from Mahan's Run and two additional samples from 

small contributory streams flowing to Mahan's Run in conjunction with the surface water sampling event. 

The locations of the stream sediment samples match the corresponding surface water sample locations 

as depicted on Figure 3-1. Samples were collected June 7 - 8, 2004. A description of the sampling 

procedures and the laboratory analysis of collected samples is provided in the following sections. 

5.7.1 SAMPLE COLLECTION PROCEDURES 

The stream sediment sampling was completed in conjunction with the surface water sampling as 

discussed above. Samples were collected in the downstream to upstream direction to eliminate the effect 

of stream disturbance on subsequent sample locations. Samples were collected with a disposable 2-inch 

plastic bailer cut open on each end for easy sample extraction. The 2-inch plastic bailer was used as a 

coring device by advancing the open bailer approximately 6 inches into the stream sediment. A stainless 

steel spoon was then held over the bottom of the core to prevent sample loss upon extraction of the 

sample. 

The extracted sediment was first sampled for VOC analysis by directly placing sediment from the core 

into a 125-ml pre-labeled glass container. The VOC sample jars were filled completely to prevent open 

head space and capped tightly with a Teflon® lined lid. The remaining soil from the targeted sample 

interval was homogenized in a stainless steel bowl before filling sample containers for the other required 

analyses using the stainless steel spoon. Sample bottles were immediately labeled and placed in iced 

coolers at approximately 4°C. Airtight ziplock bag samples were also collected at each location for 

analysis of physical parameters. 
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To prevent cross contamination, a new portion of disposable plastic bailer was cut for use as a sediment 

coring device at each location. The stainless steel spoon and bowl were thoroughly decontaminated 

using a multi-step procedure in accordance with the decontamination procedures outlined in Section 2.4.4 

and Appendix E (Standard Operating Procedures) of the RFI Workplan. Decontamination was 

accomplished by scrubbing with a brush using deionized water and low phosphate detergent, then double 

rinsing with deionized water. 

5.7.2 LABORATORY ANALYSIS 

The sediment samples collected for chemical analysis were shipped in ice-filled coolers directly to Pace 

Analytical Services, Inc. in Export, Pennsylvania and analyzed for the following: 

• Target Compound List VOCs; 

• Target Compound List SVOCs; 

• Target Analyte List Metals; 

• Cyanide, ammonia, acetophenone, aniline, acetonitrile, pyridine, bis(2-chloroisopropyl) ether, 

butyl benzyl phthalate, and n-nitroso-di-n-propylamine; and 

• Total Organic Carbon (TOC). 

The sediment samples collected for physical analysis were shipped in airtight ziplock bags directly to 

Geotechnics in Pittsburgh, Pennsylvania for analysis. The samples were analyzed for the following 

parameters: 

• Grain size; 

• Moisture content; and 

• Percent solids. 

Laboratory analyses of the samples were conducted using methods outlined in Table 11 (Sample 

Preparation and Analytical Methods) of the RFI Workplan. The laboratory analytical results for sediment 

samples, including a listing of the analytical method used for each constituent are presented in 

Appendix J, Table J-1. 
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Three types of field quality assurance/quality control samples were collected during the soil and 

groundwater sampling program described in the previous sections: trip blanks, equipment blanks, and 

field duplicate samples. The following discussion provides a description of each of these samples and 

their corresponding frequency of collection. 

Trip Blanks 

Trip blanks are used to check for sample contamination that may be introduced into VOC samples by the 

sample containers, sampling equipment, or the sample environment. Trip blanks traveled to the site with 

the empty sample bottles and returned from the site with the collected samples to monitor for possible 

contamination during sampling handling and transport. Trip blanks were only shipped with aqueous 

samples that are analyzed for VOCs. Potential sources of sample contamination are the laboratory-grade 

reagent water, sample containers, field or laboratory ambient air, laboratory reagents, or cross

contamination during shipping, handling, preparation, and/or analysis. One trip blank was included for 

VOC analysis at a frequency of one per sample shipment (sample delivery group) containing aqueous 

samples for VOC analysis. 

Equipment Blanks 

Equipment blanks are collected to verify that constituents are not introduced into the samples due to 

improper decontamination of sampling equipment. Equipment blanks were collected at a rate of at least 

one sample per twenty environmental samples. Equipment blanks were not collected where only 

disposable sample equipment was used. Equipment blanks were collected by pouring laboratory grade 

deionized water over the soil or groundwater sampling equipment after it had been decontaminated and 

collecting the water in sample jars. Equipment blank samples were analyzed for the same parameters as 

the associated primary samples. 

Field Duplicates 

Field duplicates are collected to evaluate the precision of sample collection and laboratory analysis 

procedures and the comparability of analytical data. For soil samples, field duplicate samples were 

collected from the same representative soil volume as the original sample. For groundwater samples, 

field duplicates were collected by filling a second set of sample containers immediately following the 
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collection of the original sample for each class of constituents. The field duplicates were analyzed for the 

same constituents as the respective soil and groundwater samples. Field duplicate samples were 

collected at a frequency of one per every twenty samples. 

The laboratory analytical results for the equipment blanks and trip blanks are presented in Tables M-1 

and M-2 in Appendix M. A review of Tables M-1 and M-2 demonstrates the potential presence of 

laboratory artifacts in the quality assurance samples. Common laboratory artifacts (acetone and 

methylene chloride) were detected in the trip blanks. Acetonitrile, benzene, bromomethane, 2-butanone, 

and toluene were also detected at low concentrations in twelve, one, two, one, and one of the thirty-seven 

trip blank samples, respectively. Various organic and inorganic constituents were also detected in the 

equipment blanks. 

I • 
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As discussed in Section 5.0, the RFI field activities included the collection of surface soil, subsurface soil, 
groundwater, sediment, and surface water samples for laboratory analysis. To verify the quality and 
defensibility of the laboratory analytical data from the RFI, all data that were to be screened for use in the 
human health risk assessment (HHRA) were validated using applicable USEPA Region Ill guidance and 
in accordance with Section 2.5.4 of the RFI Workplan. 

Following receipt of the validated data, the data and the validation reports were reviewed to determine if 
the data were of sufficient quality for use in the HHRA, screening-level ecological risk assessment 
(discussed in Section 8.0), and the Corrective Measures Study (CMS). The chemical data from the 
sampling of environmental media used to characterize the nature and extent of the constituents of 
concern (COCs) at the Facility were evaluated in accordance with the procedures identified in Section 2.0 
(Data Collection Quality Assurance Plan- DCQAP) of the RFI Workplan. Data validation was performed 
by ECT.CON, Inc. The validation reports that were prepared by ECT.CON are contained on the compact 
discs in Appendix E, along with the validated data for each sample delivery group. The laboratory results 
(including validation qualifiers) for environmental media that were evaluated in the HHRA and for field 
quality assurance samples are summarized on the tables in Appendices F through J and M. Results of 
the quality assurance review indicated that there were generally little or no problems associated with the 
laboratory handling and analytical procedures. In cases where data quality comparisons deviated from 
the acceptable difference ranges identified in the DCQAP, review of the analytical results suggested that 
the data were still useable for further evaluation in the risk assessment. 

Review of the validated data indicated that only a small percentage of data were flagged with qualifiers 
where minor non-compliance was noted. In a few instances, noncompliance was sufficient to invalidate 
the data. These rejected data were omitted from the data tables and risk assessment calculations. In 
general, most of the data met the quality assurance criteria specified by the DCQAP and were determined 
to be useable in the HHRA. 

6.1 DATA SEGREGATION FOR RISK EVALUATION 

Due to the size of the Facility (602 acres) and the complexity of the industrial operations, the RFI 
Workplan divided the facility into eight sectors (Sectors A through H) for investigative purposes, and 
sample identification numbers were designated accordingly. These sectors were defined based on 
similar wastes managed or by similar processes within each area. For each sector, the Workplan 
identified SWMUs that had the potential to impact environmental media. The surface and subsurf~ce soil 
investigations were focused in these sectors to assess the potential impacts from the identified SWMUs. 

i· 



RCRA Facility Investigation Report 
Steubenville East Coke Plant 
Wheeling Pittsburgh Steel Corporation, Wheeling, West Virginia 

Section No.: 6 
Page No.: 6-2 

Revision No.: 0 
Date: 9/05 

Following a review of the validated RFI surface soil and subsurface soil sampling results, the Facility soil 
data were segregated into ten groups (based on land use, lease-hold arrangements, historical plant 
operations, and the types/concentrations of detected constituents) for risk evaluation. These groups do not 
necessarily coincide with the sectors as previously defined in the RFI Workplan. For ease of discussion, the 
areas of the Facility corresponding to these data groups have been identified as human health risk evaluation 
areas (HHREAs). The HHREAs identified as discrete areas for risk evaluation and the rationales for their 
identification are summarized on the table below. The surface and subsurface soil sample locations 
associated with each of the HHREAs are shown on Figures 6-1 and 6-2. 

HHREAs RATIONALE FOR GROUPING 
Leased to Allied Oil Company for #6 fuel storage; 

Former Allied Oil AST Area identified as potential release area SWMU A-1 in the 
RFI Workplan 

Byproducts Area Potential release area; identified as Sector B in the 
RFIWor~an 

Coal Handling/ Coke-Making Area Materials handling and process areas; identified as 
Sectors C and D in the RFI Workplan 

Coke Oven Gas (COG) Drip Leg Area Potential release area; identified as SWMUs A-14, 
B-30, C-20, E-4, F-4, and H-12 in the RFI Workplan 

Sinter Plant Ore Yard Area Area containing numerous raw materials storage 
_Qiles; identified as Sector Fin the RFI Wor~an 

Raw Materials Storage Area Area containing raw materials storage piles; identified 
as Sector G in the RFI Workplan 

Provenzano Trucking Leased Parcel Leased from WPSC 
Former Murphy Construction Leased Parcel (Murphy 

Leased from WPSC North) 
Murphy Consolidated Industries Leased Parcel 

Leased from WPSC (Murphy South} 

Portion of the Hillside Area historically used for waste 
disposal (Hillside Fill Area); identified as SWMU H-1 

Hillside Area in the RFI Workplan. Background surface soil 
samples were also collected from an undeveloped 
area upslope of the Hillside Fill Area. 

The RFI field activities were also focused on groundwater beneath the Facility. Given the potential for 
chemical constituents in groundwater to migrate across HHREA boundaries, groundwater data collected 
from the Facility's monitoring well network were not evaluated on the HHREA basis for risk analysis. 
Surface water and sediment sampling results from Mahan's Run were also evaluated independently. 

io-.: 
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The process for determining the COCs for the Facility included a detailed evaluation of the analytical data 
and a risk-based Tier 1 screening consistent with USEPA guidance (USEPA, 1989 and USEPA, 1993). 
The objectives of this process were to identify a set of chemicals that are likely to be site-related and to 
assure that reported concentrations are of acceptable quality for use in the quantitative risk assessment. 
This Tier 1 screening included the following steps: 

• Sort all analytical data by media type; 

• Evaluate the quality of the data with respect to qualifiers and codes; 

• Evaluate the quality of the data with respect to blanks; and 

• Compare the maximum concentration levels with risk-based screening levels (USEPA Region 

Ill RBCs or equivalent standards}. 

Following the Tier 1 screening, sets of data were developed for use in the Tier 2 HHRA. 

The Tier 1 risk-based screening was accomplished by comparing the site analytical data (soil, sediment, 
surface water, and groundwater) to tables of human health criteria or "Risk-Based Concentrations 
(RBCs)" published by USEPA Region Ill (USEPA Region Ill RBC Tables; April 7, 2005) and screening 
level criteria developed by the USEPA 2002. USEPA Region Ill RBCs are derived based on a target 
lifetime incremental cancer risk probability of one in a million (i.e., 1 E-6) or a target Hazard Quotient (ratio 
of the average daily intake to the ingestion reference dose) of unity (1.0), whichever is lower. For direct 
contact exposures, carcinogenic compounds were compared to their respective RBC value and 
noncarcinogenic chemicals were compared to one-tenth of the published RBC value. Screening against 
one-tenth the RBC was done to ensure that noncarcinogens with additive adverse health effects were not 
prematurely eliminated during screening. The Tier 1 screening was performed in the following manner: 

• The maximum concentration of each chemical detected in each medium was identified; 

• The applicable RBC or other screening criteria was selected for each medium; 

• If the maximum concentration detected in each medium exceeded the screening value for 

that medium, the chemical was retained for a Tier 2 quantitative risk assessment for all routes 

of exposure involving that medium. Otherwise the chemical was eliminated for that medium; 

• If a specific chemical did not exceed its screening value for any medium, the chemical was 

eliminated from further evaluation in the Tier 2 HHRA; and 

• If a chemical concentration was reported as a non-detected concentration but the maximum 
non-detect reporting limit was above the screening criteria, then that chemical was retained 

I 
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for further evaluation. However, if the chemical was not identified at a concentration above 
the reporting limit in more than one sample from any other medium, the chemical was 
eliminated from further evaluation in the Tier 2 HHRA. 

Based on the following criteria, several types of data were eliminated from further consideration in the 
HHRA: 

• Data qualified by an "R" suffix (rejected data); 

• Data qualified by a "8" suffix (laboratory blank contamination); 

• Groundwater sampling results from soil borings/temporary piezometers that were used only 
to define the extent of contamination in the perched zone, and 

• One subsurface soil sample (SBE7S40.5} collected at a discrete location in the former Ash 
Screening Area. This sample was collected at a depth of 40.5 feet below ground surface 
beneath coal tar derivative material that was identified in the subsurface in that area. Soil
quality data from this single sample was not thought to be sufficient to delineate the extent of 
contamination nor quantify potential risk. Data from this sample was therefore, excluded from 
further consideration in the HHRA. 

The remainder of this section describes the screening procedure and data interpretation on a matrix
specific basis. 

6.2.1 SURFACE SOIL SCREENING 

The screening procedure for surface soil samples consisted of a comparison of the maximum detected 
constituent concentrations to USEPA Region Ill RBCs for soil based on an assumed residential land use 
scenario and Soil Screening Levels (SSLs) based on protection of groundwater. 

The USEPA Region Ill RBCs are based on the assumption that the land could be developed for 
residential purposes in the future and consider potential human exposures through soil ingestion. 

SSLs are based on the assumption that soils may act as a source of contamination via leaching and 
infiltration to a potable groundwater source. They are derived based on a simple mass balance that 
considers equilibrium partitioning between the solid and aqueous matrices and the volumetric flow rates 
of infiltrating precipitation and groundwater flow. The SSLs for groundwater protection are derived such 
that the theoretical groundwater concentration does not exceed an appropriate benchmark for that matrix 
(e.g., a Maximum Contaminant Level or tap-water RBC). 
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Tables 6-1a through 6-1j provide summaries of the surface soil screening that was completed for each of 
the HHREAs discussed in Section 6.2. Tables 6-1 a through 6-1j summarize the number of samples 
analyzed for each constituent, the number of detections for each constituent, the maximum and minimum 
detected concentrations, range of detection limits, and the location of the maximum detected 
concentration. Those constituents exceeding the screening criteria are identified via balding and shading, 
indicating that they were retained for evaluation in the HHRA. In addition to the summary screening 
provided on Tables 6-1a through 6-1j, the analytical results were also compared to the screening criteria 
on a sample-specific basis. The complete analytical and screening results for surface soil samples are 
presented on Table F-1 in Appendix F. 

Currently, the property is zoned industrial and has historically been used for such purposes. 
Furthermore, groundwater at the Facility is not used as a potable water source and is extremely unlikely 
to be used for such purposes in the future. Given current and projected future land and water use, it is 
apparent that comparison of surface soil concentrations to residential RBCs and SSLs based on 
groundwater protection is overly conservative for decision-making purposes. 

6.2.2 SUBSURFACE SOIL DATA SCREENING 

The screening procedure for subsurface soil data for each HHREA was conducted in the same manner 
as the screening procedure for surface soil data (i.e., these data were also compared against USEPA 
SSLs); however, the maximum detected constituent concentrations were compared against USEPA 
Region Ill RBCs for industrial soils. In the unlikely event that the Facility is developed for residential use 
in the future, site residents would not contact subsurface soil on a routine basis. It is more likely that 
construction workers, involved in excavation work at the Facility, would encounter impacted subsurface 
soils. Therefore, the USEPA Region Ill RBCs for industrial soils are appropriate screening criteria for this 
anticipated construction worker exposure scenario. As discussed in the previous section, the use of the 
SSLs for screening purposes is overly conservative given that groundwater is not used or planned to be 
used at the Facility. 

Tables 6-2a through 6-2h provide summaries of the subsurface soil screening that was conducted for 
each of the HHREAs discussed in Section 6.2. Those constituents detected in subSl.lrface soil samples at 
maximum concentrations exceeding the screening criteria are identified via balding and shading, 
indicating that they were retained for evaluation in the HHRA. In addition to the summary screening 
provided on Tables 6-2a through 6-2h, the analytical results were also compared to the screening criteria 
on a sample-specific basis. The complete analytical and screening results for subsurface soil samples are 
presented in Appendix G (Table G-1 ). 

• 
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The screening procedure for groundwater consisted of a comparison of maximum detected constituent 
concentrations to human health-based benchmark concentrations. The benchmarks used for 
comparative purposes included two numeric criteria; USEPA Region Ill RBCs for tap water and the 
Maximum Contaminant Levels (MCLs) for public water supply systems promulgated under the Safe 
Drinking Water Act. 

Table 6-3 provides a summary of the analytical data for the monitoring well groundwater samples 
collected during the RFI versus the tap-water RBCs and MCLs (as discussed previously, analytical results 
of groundwater samples collected from soil borings/temporary piezometers were not included in the 
screening evaluation). Those chemicals detected in groundwater samples at maximum concentrations 
exceeding the screening criteria are identified in Table 6-3 via balding and shading, indicating that they 
were retained for evaluation in the HHRA. In addition to this overall screening summary, the analytical 
results were also compared to the screening criteria on a sample-specific basis. The complete analytical 
and screening results for groundwater samples are presented on Table H-1 in Appendix H. 

6.2.4 DATA SCREENING FOR THE INHALATION PATHWAY 

Volatile organic compounds were detected in both soil and groundwater. The RBC values used to screen 
soil and groundwater are based on the ingestion pathway only; thus, potentially eliminating chemicals that 
may pose a risk via the inhalation pathway. Therefore, in addition to screening against the direct contact 
RBCs and SSLs, soil and groundwater samples were screened as follows: 

• Maximum groundwater concentrations were compared to target groundwater concentrations 
corresponding to target indoor air concentrations calculated in USEPA's Evaluating the Vapor 
Intrusion into Indoor Air (USEPA 2002). Assumptions for these criteria assume a residential 

setting and a 1 x 10-6 increased cancer risk. 

• Volatilization factors were derived for all VOCs detected in surface and subsurface soil using 
USEPA Soil Screening Guidance and Supplemental Guidance (1996 and 2002). The 

maximum detected concentration of each VOC was divided by its chemical specific 
volatilization factor to derive an ambient air concentration (Jiglm\ This derived air 

concentration was then compared to USEPA Region Ill's Ambient Air RBC. 
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Table 6-4 provides a summary of the VOC analytical data for the monitoring well groundwater samples 

collected during the RFI versus the Target Groundwater Concentrations (as discussed previously, 

analytical results of groundwater samples collected from soil borings/temporary piezometers were not 

included in the screening evaluation). Those chemicals detected in groundwater samples at maximum 

concentrations exceeding these criteria are identified in Table 6-4 via balding and shading, indicating that 

they were retained for evaluation in the HHRA. 

Tables 6-Sa and 6-Sb provide summaries of the VOC analytical data for the surface and subsurface soil 

samples collected during the RFI, volatilization factors, and their respective ambient air concentrations 

compared against the USEPA Region Ill Ambient Air RBCs. Those chemicals detected in soil samples at 

maximum concentrations exceeding RBCs are identified via balding and shading, indicating that they 

were retained for evaluation in the HHRA. 

6.2.5 SURFACE WATER AND SEDIMENT DATA SCREENING 

For the purposes of evaluating potential health impacts to humans from exposure to chemicals in surface 

water and sediment in Mahan's Run the following approach was taken: 

• Chemicals in surface water were compared to 10 times the tap water RBCs; and 

• Chemicals in sediment were compared to 1 0 times the residential soil RBCs. 

Tables 6-6 and 6-7 provide summaries of the analytical data for the surface water and sediment collected 

during the RFI compared against the adjusted USEPA Region Ill RBCs. Those chemicals detected in soil 

samples at maximum concentrations exceeding RBCs are identified via balding and shading, indicating 

that they were retained for evaluation in the HHRA. In addition to this overall screening summary, the 

analytical results were also compared to the screening criteria on a sample-specific basis. The complete 

analytical and screening results for surface water samples are presented on Table 1-1 in Appendix I. The 

complete analytical and screening results for sediment samples are presented on Table J-1 in 

Appendix J. 

6.3 CONTAMINANT DISTRIBUTION 

The analytical results from the environmental media samples collected during the RFI were screened 

against human health risk-based criteria to identify COCs as explained in Section 6.2. The identification 

of COCs was performed to delineate potential source areas at the Facility, to support the evaluation of the 

distribution of the COCs across the Facility, and to provide an appropriate set of chemicals for further 

evaluation in the human health and ecological risk assessments. 

I-
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The history of Site use, including potential contaminant sources, is discussed in Sections 2.2 and 4.1 of 
this report. These potential contaminant source areas were further evaluated during the RFI, and several 
new source areas were identified. This section discusses the extent of COCs identified in surface soil, 
subsurface soil, surface water, sediment, and groundwater in relation to the potential contaminant 
sources. 

6.3.2 SURFACE SOILS 

Figure 6-1 shows the locations of all surface soil samples collected during the RFI and includes a table of 
all constituents exceeding the applicable screening criteria (residential RBCs and SSLs). A review of 
Figure 6-1 indicates that benzene was the only VOC detected above the screening criteria. Benzene was 
detected above the soil to groundwater SSLs only in the Byproducts Area. Benzene was not detected 
above the residential direct contact RBCs. 

The majority of the surface soil samples across the site contained several SVOCs (primarily PAHs) at 
concentrations above the screening criteria. In general, the highest concentrations of PAHs were 
consistently detected in the Byproducts Area. Elevated concentrations were also detected in sample 
SSG2S0.5 in the Raw Material Storage Area and in background sample SSH1S0.5 in the Hillside Area. 
Sample SSG2S0.5 may have been affected by the high content of coal and coal fires that have been 
stored in that area. Sample SSH1S0.5 may have been affected by the coal tar derivatives associated 
with the North Tar Wicking Area and may not be representative of background. It also appears that 
sample SSH20.5 may have been affected. 

Several metals, including aluminum, arsenic, chromium, iron, manganese, and vanadium, were 
consistently detected at concentrations exceeding the screening criteria. With only a few exceptions of 
elevated concentrations at specific sampling locations, concentrations of each of these constituents were 
generally similar across the Facility. 

6.3.3 SUBSURFACE SOILS 

Figure 6-2 shows the locations of all subsurface soil samples collected during the RFI and includes a 
table of all constituents exceeding the residential RBCs and SSLs. A review of Figure 6-2 indicates that 
VOCs exceeding the screening criteria primarily included benzene, toluene, ethylbenzene, and xylenes 
(BTEX). The highest concentrations of BTEX were detected in the former Light Oil Refining Area of the 
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Byproducts Plant (sample locations SBA7 through SBA10}. Elevated BTEX concentrations were also 
identified at sample location SBC1 and in samples within the former Hillside Fill Area. 1,2-Dichloroethane 
was also detected above both screening criteria at sample location SBA7 in the former Light Oil Refining 
Area of the Byproducts Plant, and above the SSL at sample location MWH3 in the former Hillside Fill 
Area. 

Several SVOCs were also detected above screening criteria throughout the Facility. In general, SVOCs 
were detected more sporadically and at lower concentrations than were detected in surface soil. The 
highest concentrations of SVOCs were detected at sample location SBC1 near COG Drip Leg C-20, 
beneath the coal tar derivative materials identified in the former Ash Screening Area, and in the Hillside 
Fill Area. 

Several metals were detected above the screening criteria, with arsenic being the most consistent 
exceedance. Iron and manganese were also detected above the screening criteria at several locations. 

6.3.4 OCCURRENCE AND DISTRIBUTION OF COCS IN GROUNDWATER 

The occurrence and distribution of COCs in groundwater was evaluated to determine the extent of 
migration and potential impacts to Mahan's Run and the Ohio River. As discussed in Section 3.4, three 
distinct aquifer systems have been identified and monitored at the Facility, including: 1} perched 
groundwater at the base of the slag fill across the Plant Area; 2} the alluvial aquifer beneath the Plant 
Area, which is separated from the overlying perched aquifer by a silty clay aquitard; and 3} perched 
groundwater at the base of the fill beneath the Hillside Fill Area. As described in Section 5.4, 
groundwater quality in the perched zone beneath the Plant Area was characterized by collecting 
groundwater samples from soil borings/temporary piezometers in May and June 2004, and from 
permanent monitoring wells in December 2004 and January 2005. Groundwater quality in the perched 
zone beneath the Hillside Fill Area and within alluvial aquifer beneath the Plant Area was characterized 
by collecting groundwater samples from permanent monitoring wells in December 2004 and January 
2005. The laboratory analytical results for all groundwater samples are summarized in Appendix H. 

Organic constituents (VOCs and SVOCs} exceeding the screening criteria in perched groundwater 
beneath the Plant and Hillside Fill Areas are summarized on the tables presented on Figure 6-3. Organic 
constituents exceeding the screening criteria in the alluvial aquifer are shown on the table presented on 
Figure 6-4. On both of these figures, detected benzene concentrations are shown at each monitoring well 
or temporary piezometer location. Benzene was selected for illustration on the maps because it is a 
constituent that is common to the various contaminant sources at the site (coke plant byproducts such as 
tar and light oil, COG condensate, and petroleum products such as gasoline, diesel, and fuel oil} and it 
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was the constituent most consistently detected above the screening criteria. In addition, other aromatic 
hydrocarbons (toluene, ethylbenzene, styrene, and xylene), PAHs, cresols, and phenolic compounds, 
when detected, were typically present in wells where benzene was detected and at concentrations that 
were generally proportional to benzene. 

Inorganic constituents (ammonia, cyanide, and metals) exceeding the screening criteria in perched 

groundwater beneath the Plant and Hillside Fill Areas are summarized on the tables presented on 

Figure 6-5. Inorganic constituents exceeding the screening criteria in the alluvial aquifer are summarized 
on the table presented on Figure 6-6. Field parameters measured prior to the collection of each sample 

and the laboratory results for biogeochemical parameters used to evaluate natural attenuation in 
groundwater are also presented on the tables. Detected concentrations of ammonia, cyanide, and 

arsenic are shown at each monitoring well or temporary piezometer location. These inorganic 
constituents exhibited the greatest variability among the inorganic COCs (indicating potential impacts 
from site operations) and are known to be associated with coke Byproducts plant operations. 

The following sections discuss the distribution of COCs in the Plant Area and the Hillside Fill Area 
separately, since these areas are in distinct hydrogeologic regimes. As discussed in Section 3.4.5, 
perched groundwater beneath the Hillside Fill Area would migrate in a westerly direction along the 

soil/rock interface and discharge to Mahan's Run (refer to Cross-Section B-B on Figure 3-3). 
Groundwater movement within the perched zone beneath the Plant Area would generally follow the slope 
of the original flood plain surface at the base of the fill, with localized pockets of perched water contained 

within swales and depressions in the original flood plain surface. The perched zone is not in hydraulic 
connection with the underlying alluvial aquifer or the Ohio River (see perched water table versus alluvial 
aquifer potentiometric surface on the cross-sections in Figures 3-3 and 3-4}, although downward vertical 
leakage from the perched zone into the silty clay aquitard (and potentially to the underlying alluvial 

aquifer) does occur. The alluvial aquifer is hydraulically connected to the Ohio River. Groundwater 
movement within the alluvial aquifer is generally westward with discharge to the river (Figure 3-6}. 
However, temporary gradient reversals may occur during times when the river elevation rises rapidly in 

response to rainfall and/or snowmelt events. 

6.3.4.1 Plant Area 

6.3.4.1.1 Organic Constituents - Perched Zone 

As shown on Figure 6-3, contaminant concentrations in perched groundwater beneath the Plant Area 
appear to be related to the following source areas: 1) the former Allied Oil AST area; 2) the Byproducts 
and former Light Oil Refining Areas; 3) the COG Drip Legs located just to the south of the Byproducts 
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Plant near borings SBB1 and SBC1; 4) the former diesel UST located approximately 300 feet southeast 
of Battery No. 8; 5) the southernmost COG Drip Legs near the former Sinter Plant at borings SBE6 an 
SBF1; and 6) the maintenance shop and diesel ASTs at the Murphy Consolidated Industries Leased 
Property. 

Benzene concentrations ranged from over 100,000 pg/1 in the former Light Oil Refining Area to less than 
1 pg/1 {non-detect) in unaffected areas. Elevated concentrations of ethylbenzene, toluene, and xylenes 
were found primarily in the former Light Oil Refining Area {borings SBA7 and SBA10) and near COG Drip 
Leg C-20 {boring SBC1 ). Elevated concentrations of cresols, PAHs, phenol, and 2,4-dimethylphenol 
were detected in boring SBC1 near COG Drip Leg C-20. Lower concentrations of PAHs were identified in 
the other areas of the Facility. 

Several other {non-aromatic hydrocarbon) VOCs were detected sporadically in perched groundwater 
within the Plant Area. Bromomethane was detected in boring SBA5 and monitoring well MWB3P at 11 0 
and 3 pg/1, respectively. The RBC for bromomethane is 0.85 pg/1. Carbon disulfide was detected in 
boring SBG2 at 11 Opg/1, just above the RBC of 100 pg/1. Chlorobenzene was detected in boring SBA7 at 
32 pg/1, above RBC of 11 pg/1 but below the MCL of 100 pg/1. Chloromethane was detected in borings 
SBA5 an SBC1 at 38 pg/1 and 61 pg/1, respectively. The RBC for chloromethane is 19 pg/1. 

Based on the available data, there is no evidence that contaminated groundwater from the perched zone 
is impacting Mahan's Run or the Ohio River. No VOCs or SVOCs were detected in surface water 
samples SWA01 and SWA02 collected from Mahan's Run adjacent to the former Allied Oil AST area 
{refer to Table 1-1 in Appendix I for surface water analytical results). Several PAHs were detected in 
sediment samples SDA01 an SDA02 from the same locations in Mahan's Run, but at relatively low 
concentrations. Three of these PAHs {benzo{b)fluoranthene, fluorene and phenanthrene) were detected 
in downstream sediments at concentrations similar to upstream background concentrations {refer to 
Table J-1 in Appendix J for sediment analytical results). As discussed in Section 3.4, perched 
groundwater is generally confined within the Facility, and would not have a significant impact on the Ohio 
River. Contaminated groundwater within the perched zone does, however, have the potential to seep 
downward through the silty clay aquitard into the underlying alluvial aquifer. 

6.3.4.1.2 Organic Constituents -Alluvial Aquifer 

As shown on Figure 6-4, organic constituents detected in the alluvial aquifer appear to be related to the 
following source areas located within the overlying perched zone. These source areas include: 1) the 
Byproducts and former Light Oil Refining Areas; 2) COG Drip Leg C-20 and the former underground tar 
pipeline; and 3) the former diesel UST located to the south of Battery No. 8 and the COG Drip Leg 
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located approximately 300 feet to the northeast. One additional source area, the tar derivative materials 

identified in the subsurface in the former Ash Screening Area, is situated within the colluvium that is 

hydraulically connected to the alluvial aquifer (refer to Cross-Section C-C on Figure 3-4). 

Benzene concentrations ranged from 2700 pg/1 in a groundwater sample collected directly below the 

former Ash Screening Area to less than 1 pg/1 in unaffected areas. The highest benzene concentration 

detected in the Byproducts Area was 62 pg/1 in lower alluvial aquifer well MWB2D. It should be noted that 

the upper alluvial aquifer monitoring wells located in the Byproducts Area (MWB11 and MWB21) contained 

free product (tar) and were not sampled. It is likely that benzene and other constituent concentrations in 

the upper alluvial aquifer beneath the Byproducts Area are higher than were detected in MWB2D. Xylene 

was the only other aromatic hydrocarbon found to exceed the screening criteria at well MWC21 located 

near the former tar pipeline area. Several PAHs were also detected in severak wells. Naphthalene was 

the most consistently detected, with concentrations ranging up to 530 pg/1 at monitoring well MWC21 

located near the former underground tar pipeline. The RBC for naphthalene is 0.65 pg/1. 

2,4-dimethylphenol was detected at relatively low concentrations in several wells, with only one 

exceedance of the screening criteria at well MWC21. Bis(2-ethylhexyl) phthalate was also detected at 

relatively low concentration, with only one screening exceedance at well MWB3D. 

Based on the available monitoring data, only alluvial groundwater underlying the Byproducts Area is 

discharging directly to the Ohio River. An evaluation of the effects of this discharge is presented in the 

following Section 6.3.4.1.6. Contaminated groundwater related to COG Drip Leg C-20 and the former 

underground tar pipeline is very near the adjacent Koppers tar processing facility. As discussed earlier, 

Koppers has released free product to the subsurface and groundwater contamination has been 

documented beneath the site. Koppers is currently implementing corrective measures under the RCRA 

Corrective Action Program involving the removal of free product from the base of the alluvial aquifer and 

remediation of contaminated sediments in the Ohio River. Constituents related to the former diesel UST 

and the tar derivatives in the former Ash Screening Area within the WPSC Facility appear to have 

attenuated and have not extended to the Facility boundary. 

6.3.4.1.3 Inorganic Constituents- Perched Zone 

Figure 6-5 shows detected concentrations of ammonia, cyanide, and arsenic at each soil 

boring/temporary piezometer and monitoring well where groundwater samples were collected from the 

perched zone. 
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Ammonia was detected at concentrations ranging from 2,300,000 pg/1 at soil boring SBA4 in the former 
Allied Oil AST Area to120 pg/1 at boring SBE7 located near the former Ash Screening Area. Ammonia 
concentrations in excess of 1 00,000 pg/1 were also detected in the Byproducts Area (recovery wells RW -1 
and RW-2) and at COG Drip Legs A-14 (boring SBA5} and C-20 (boring SBC1). A concentration of 
61 ,000 pg/1 was detected in well VP-2 near the Koppers site boundary, and 32,000 pg/1 was detected at 
COG Drip Leg E-4 near the wastewater treatment plant (boring SBB 1 ). 

Cyanide was detected at concentrations ranging from 3,500 pg/1 at soil boring SBA4 in the former Light 
Oil Refining Area to 6.3 pg/1 at monitoring well VP-2 located near the Koppers site boundary. In general, 
cyanide concentrations were higher (between 100 and 500 pgll in the former Allied Oil AST Area, the 
former Light Oil Refining Area, and several of the COG Drip Leg locations) than in other areas of the 
Facility. 

Arsenic was detected at concentrations ranging from 201 pg/1 at soil boring SBC1 near COG Drip Leg 
C-20 to 4.4 pg/1 at boring SBF1 near COG Drip Leg F-4. Concentrations of 47.8 pg/1 and 44.8 pg/1 were 
detected in borings SBA7 and SBA 1 0 in the former Light Oil Refining Area. Arsenic concentrations at 
many sample locations were below laboratory detection limits. It should be not~hat dissolved arsenic 
concentrations are listed at each sampling location on Figure 6-5 and used in the discussion above. Total 
arsenic was significantly higher than dissolved concentrations at several locations; however, sample 
turbidity was high in these samples. Because of difficulties in applying proper well development and 
purging procedures in many of the perched aquifer wells/temporary piezometers due to limited water, and 
resulting high sample turbidity, dissolved concentrations are considered more representative of actual 
dissolved phase concentrations in groundwater. 

As discussed above in Section 6.3.4.1.1, there is no evidence that contaminated groundwater from the 
perched zone is impacting Mahan's Run or the Ohio River. Neither cyanide nor arsenic was detected in 
surface water samples SWA01 and SWA02 collected from Mahan's Run. Ammonia was detected in the 
two stream samples, but at concentrations similar to upstream background concentrations (refer to 
Table 1-1 in Appendix I for surface water analytical results). 

6.3.4.1.4 Inorganic Constituents -Alluvial Aquifer 

Figure 6-6 shows detected concentrations of ammonia, cyanide, and arsenic at each alluvial aquifer 
monitoring well. The table presented on Figure 6-6 shows the laboratory results for all inorganic 
constituents that were detected above screening criteria. 
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Ammonia was detected in the alluvial aquifer monitoring wells at concentrations ranging from 

240,000 pg/1 to11 0 pg/1. In general, higher concentrations were detected in the northern portion of the 

Plant Area and near the Byproducts Area in particular. The highest concentration (240,000 pg/1) was 

detected in deep alluvial aquifer well MWB2D located within the Byproducts Plant area. The next highest 

concentration (210,000 pg/1) was detected in deep alluvial aquifer monitoring well MWD3D located 

directly downgradient from the Byproducts Area along the Ohio River. Ammonia concentrations in other 

wells in the Byproducts Area ranged up to 65,000 pg/1. A concentration of 13,000 pg/1 was detected in 

well R-21 0 near the inactive underground tar pipeline just east of the South Coal Pit, and 11 ,000 pg/1 was 

detected in well RSA-3, located near an inactive COG Drip Leg and downgradient of the BOF Residuals 

Storage Area. 

Cyanide concentrations ranged from non-detect ( <5pg/l) in several of the samples to 150 pg/1 in well 

SDB-2 located near the former Sludge Drying Bed Area to the east of Route 2. Elevated concentrations 

were also detected in samples from well MWB3D (79 pg/1) located near the Byproducts Plant, well RSA-3 

(96 pg/1) located near an inactive COG Drip Leg and downgradient from the BOF Residuals Storage Area, 

and boring SBE7 where a sample was collected from the alluvial aquifer beneath the tar disposal cell in 

the former Ash Screening Area. 

Arsenic concentrations ranged from non-detect (<1.7 pg/1) in several monitoring wells to 142 pg/1 in upper 

alluvial aquifer monitoring well MWD11 located downgradient form the Byproducts Area. The majority of 

the elevated arsenic concentrations were detected in this area, with concentrations in other monitoring 

wells located downgradient of the Byproducts Area ranging from 46.5 to 87 pg/1. Arsenic was detected in 

5 samples from other areas of the Facility at concentrations ranging from 4.6 to 31.8 pg/1. 

Other heavy metals were detected above RBCs, but no specific trends were identified and none (except 

selenium in well SDB2) exceeded an MCL. Iron and manganese were also detected consistently above 

their RBCs, but no specific trends were identified. Iron and manganese could be related to the historic 

use of slag fill across the Facility and surrounding areas. 

6.3.4.1.5 Evidence of Natural Attenuation 

In order to evaluate the effect of biodegradation on organic constituents identified at the Facility, 

groundwater samples were analyzed by Microseeps, Inc. in Pittsburgh, Pennsylvania for the following 

biogeochemical parameters: 

• Alkalinity; 

• Chemical Oxygen Demand; 

t•· 
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• Ferrous Iron; 

• Nitrate-Nitrite; 

• Nitrite; 

• Soluble Organic Carbon; 

• Sulfate; 

• Manganese, Dissolved; 

• Carbon Dioxide; 

• Carbon Monoxide; 

• Methane; 

• Nitrogen; and 

• Oxygen . 
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The laboratory analytical results for biogeochemical analysis of groundwater samples, including a listing 

of the analytical method used for each constituent, are presented in Appendix H, Table H-1. An 
evaluation of these results was completed by Microseeps and is included in Appendix N. To summarize, 
elevated methane concentration at a number of groundwater sampling locations was identified as the 
clearest evidence of biodegradation. Background concentrations of methane in natural waters are 

typically below 10 pg/1. The only sources of methane are natural reserves and hydrocarbon degradation. 
A review of Table H-1 indicates that methane concentration greatly exceeds the typical background 
concentration at a number of groundwater sampling locations, indicating that biodegradation of 

hydrocarbons is occurring. 

Iron and sulfate reduction were also identified as evidence of polycyclic aromatic hydrocarbon (PAH) 
biodegradation. Biodegradation of PAHs occurs under sulfate reducing conditions, which begins once all 

bioavailable ferric iron is consumed. While continued PAH degradation is typically limited once all sulfate 
reserves are depleted, sulfate reserves in the Facility's subsurface far exceed those typically available in 
natural background conditions since sulfate was released by Facility operations through some of the 

same processes that released the other contaminants. Therefore, these sulfate reserves are capable of 

driving continued PAH degradation in the Facility's subsurface. 

6.3.4.1.6 Discharge to Ohio River 

Assimilative Capacity of the Ohio River - As discussed in Section 6.3.4.1.2, the discharge of site-related 

constituents to the Ohio River and potential ecological or human health impacts as a result of this 
discharge is considered the only realistic exposure pathway related to groundwater at the Facility. Based 

on the discussions presented in Sections 6.3.4.1.2 above, the primary area of concern is the approximate 
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1500-foot section of river shoreline that is downgradient from the Byproducts Plant Area. Furthermore, 

only the alluvial aquifer discharges to the Ohio River. It should be recognized that the river has a 

substantial capacity to attenuate any constituents that are discharged via the groundwater pathway. 

Rudimentary calculations were completed to provide an initial indication of this attenuative capacity. A 

simple mass balance was used to estimate the dilution potential of the Ohio River. The groundwater 

discharge from the Facility was estimated as k x I x A (hydraulic conductivity times hydraulic gradient 

times area of discharge). As discussed in Section 3.4.4, the hydraulic conductivity of the alluvial aquifer 

ranged up to 194 ftlday. The hydraulic gradient in the area downgradient of the Byproducts Plant is 

approximately 0.0005 (refer to Figure 3-6). The area of discharge was identified based on the 1500-foot 

length of the shoreline and the thickness of the alluvial aquifer at the shoreline (1 ,500 feet and 30 feet, 

respectively). The total groundwater discharge to the river (Ogw) may be determined as the sum of the 

discharge through the vertical cross-section of the alluvial aquifer along the shoreline: 

The reported seven-day, ten-year low flow (701 0) for the Ohio River from the Montgomery Dam (mile 

point 31.7) to the Willow Island Dam (mile point 161.7) is 5,880 fe/sec or 508,000,000 fe/day [Ohio River 

Valley Water Sanitary Commission (ORVWSC), 1997]. Hence, the assimilation capacity (AC) of the Ohio 

River may be estimated based on the river flow (Onver) and the groundwater discharge rate (Ogw). as 

follows: 

AC = 508,000,000 + 4,365 = 116 OOO 
4,365 ' 

Based on this calculation, it is apparent that substantial attenuation occurs in the river. Note that the 

assimilative capacity of the Ohio River under normal flow conditions is approximately 405,600 based on 

the harmonic mean flow (1 ,770,000,000 ft3/day) reported for the same river reach (ORVWSC, 2003). 

An evaluation of the effects of groundwater discharge to the Ohio River is discussed in Section 8.3.2.2. 

6.3.4.2 Hillside Fill Area 

Soil and other fill materials ranging up to 50 feet in thickness have been placed across this area (refer to 

Cross-Section B-B on Figure 3-3). Coal tar derivatives and other waste materials were historically 

disposed in localized areas as the fill materials were being placed. The subsurface investigation of the 

Hillside Fill Area identified three potential contamination source areas within the fill: 1) the coal tar 
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derivative materials beneath the North Tar Wicking Area; 2) the coal tar derivative materials beneath the 
South Tar Wicking Area; and 3) subsurface soil contaminated with an oily substance along the southern 
end of the fill area. A review of Figure 6-3 shows pre-fill topographic contours from a USGS quadrangle 
map overlain on the current topography. The historical contours indicate that the three contaminant 
source areas described above are situated in natural swales in the original land surface that existed 
before the fill materials were placed. Based on the results of the subsurface investigation of the Hillside 
Fill Area, the uppermost groundwater occurs as a thin (few feet) layer perched along the soil/bedrock 
interface beneath the fill materials. This perched layer is recharged primarily by infiltration through the 
overlying fill materials. Infiltrating water reaching the perched layer would tend to accumulate within the 
natural swales and flow westward (down slope) within the swales. Monitoring wells MW-2, MW-3, and 
MW-5 were installed within these swales downgradient of the three identified source areas (Figure 6-3). 
Monitoring well MW-1 was installed upgradient of well MW-2 near the southernmost source area. 
Monitoring well MW-4 was located between wells MW-3 and MW-5, between the original swales 
containing the North and South Tar Wicking Areas. In addition to groundwater sampling from the 
5 Hillside Area wells, samples were collected from tributary streams (SPH01 and SPH02) along the 
eastern bank

1 
of Mahan's Run and at 12 locations within Mahan's Run (refer to Figure 6-3 for sample 

locations). 

The groundwater quality evaluation provided in the following sections is based on sampling results from 
the five monitoring wells in December 2004-January 2005 and from surface water samples collected in 
June 2004. 

6.3.4.2.1 Organic Constituents in Groundwater 

As shown on Figure 6-3, organic constituents in perched groundwater beneath the Hillside Fill Area are 
related to the three contaminant sources described above. The lateral extent of these constituents is 
most likely limited by the configuration of the swales in the original (pre-fill) topography. In the 
downgradient direction, discharge occurs to Mahan's Run. No VOCs or SVOCs were detected in any of 
the surface water samples from the tributaries or Mahan's Run. 

As in the Plant Area, benzene was the most consistently detected constituent and was identified in 4 of 
the 5 monitoring wells. Benzene concentrations ranged from 130,000 pg/1 in well MWH3 located 
downgradient of the South Tar Wicking Area to 250 pg/1 in well MW-2 located downgradient of the 
southernmost source area. Toluene, xylenes, PAHs, cresol, and 2-4,dimethylphenol were also detected 
at concentrations above the screening criteria in wells MWH1 (located near the southernmost source 
area) and well MWH3. Two chlorinated VOCs were also detected above screening criteria. 
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Trichloroethene was detected in well MWH3 at 0.8 pg/1, The RBC for trichlorethene is 0.026 pg/1 while 
the MCL is 5 pg/1. 1,2-dichlorethane was detected in well MWH5 (located downgradient of the North Tar 
Wicking Area) at 62 pg/1. The RBC for 1,2-dichloroethane is 0.12 pg/1 and the MCL is 5 pg/1. 

6.3.4.2.2 Inorganic Constituents in Groundwater 

Figure 6-5 shows detected concentrations of ammonia, cyanide, and arsenic at each of the Hillside Area 
monitoring wells. The table presented on Figure 6-5 shows the laboratory results for all inorganic 
constituents that were detected above screening criteria. 

Ammonia concentrations ranged from non-detect {<50 pg/1) in well MWH2 to 1500 pg/1 in well MWH3 
located downgradient of the South Tar Wicking Area. Cyanide concentrations were all below screening 
criteria, ranging from 8.2 to 54 pg/1. Dissolved arsenic was detected above the screening criteria only in 
well MWH3 at 17.5 pg/1. Total arsenic was detected at 51.8 pg/1 in well MWH1; however, the dissolved 
concentration in this well was less than 9.6 pg/1, indicating that the total concentration was elevated due 
to sample turbidity. 

Iron and manganese were also detected consistently above their RBCs, but no specific trends were 
identified. Dissolved concentrations of several other metals (beryllium, cadmium, cobalt, and nickel) were 
above the concentrations detected in the other Hillside Area wells. The relatively low field pH measured 
in well MWH1 may be related to the higher dissolved phase metal concentrations. It is also possible that 
the high sample turbidity may have also contributed to the elevated metals concentrations. 

6.3.4.2.3 Discharge to Mahan's Run 

There is no evidence that groundwater from the Hillside Fill Area is impacting Mahan's Run. No VOCs or 
SVOCs were detected in the surface water samples collected from the seeps/tributary streams (SPH01 
and SPH02) or from Mahan's Run (refer to Table 1-1 in Appendix I for surface water analytical results). 
Several PAHs were detected in sediment samples collected at the same locations as the surface water 
samples, but at relatively low concentrations similar to upstream background concentrations (refer to 
Table J-1 in Appendix J for sediment analytical results). 

Arsenic was not detected in any of the surface water samples. Cyanide was detected at both seep/spring 
sampling locations (SPH01 and SPH02), but at relatively low concentrations that were below screening 
criteria. Ammonia was detected in all of the surface water samples. The 750 pg/1 
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detected in sample SPH02 was the only exceedance of the screening criteria. Otherwise, ammonia 

concentrations were similar at upstream (background) and downstream locations. None of the 

concentrations of other inorganic constituents in surface water exceeded the screening criteria. 

6.3.5 SURFACE WATER 

Ammonia was the only chemical detected at a concentration (750 pg/L) above the surface water 

screening criteria (10x USEPA RBC for tap water, adjusted). This detection occurred at sample location 

SPH02, which is a seep/spring on the eastern side of Mahan's Run. Surface water sampling results are 

presented in Table H-1 in Appendix H. 

6.3.6 SEDIMENTS 

Two SVOCs (benzo(a)pyrene and dibenzo(a,h)anthracene) were detected at concentrations in excess of 

their respective screening criteria (1 Ox US EPA RBC for residential soil, adjusted). Benzo(a)pyrene was 

detected in the majority of the sediment samples at similar concentrations at upstream and downstream 

locations, ranging from 930 to 3600 pg/kg. Dibenz(a,h)anthracene was detected only at sample location 

SDA02 at 940 pg/kg. Arsenic, iron, and manganese were also detected above the screening criteria in 

the majority of the sediment samples at similar concentrations at both upstream and downstream 

locations. Vanadium was also detected above the screening criteria in 4 samples with a wider range of 

detected concentrations. 
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This baseline Human Health Risk Assessment (HHRA) was conducted to characterize and quantify the 
current and potential human health risk(s) that would prevail if no remedial actions are taken at the 
Facility. The goal of the human health risk evaluation process is to provide a framework for developing 
the appropriate risk information necessary to assist the regulatory agencies and responsible parties in 
making remedial decisions. It provides analysis of baseline risks to determine if the need for remedial 
action at a Facility is warranted and a basis for determining cleanup levels that will be adequately 
protective of public health, if remedial action is deemed necessary. The objective of this HHRA is to 
provide quantitative estimates of the potential carcinogenic and noncarcinogenic health effects that may 
potentially result from exposure to chemicals detected in environmental media at the Facility without any 
remedial actions. 

The HHRA is presented in a "tiered" approach consistent with the American Society for Testing and 
Materials (ASTM) guidelines (ASTM, 1998) and USEPA guidance (USEPA, 2001a). The tiered approach 
to risk assessment integrates site assessment and response actions with HHRA to evaluate the potential 
for remedial and/or corrective action to site-specific conditions and risk factors. The evaluations and 
methods used for the Facility began with a screening or simple analysis (Tier 1 screening) and moved to 
more complex evaluations in the baseline risk assessment (Tier 2 evaluation). The HHRA includes the 
following major components: 

• Data Evaluation and Identification of Chemicals of Concern (COCs)- Includes an evaluation 
of on-site soil data, on-site groundwater data, surface water and sediment data and identifies 
COCs with regard to potential health effects; 

• Exposure Assessment - Identification of the receptors likely to be exposed to site-related 
COCs and the likely extent of their exposures under defined exposure scenarios; 

• Toxicity Assessment- A description of the relationship between the magnitude of exposure 
(dose) and the probability of occurrence of adverse health effects (response) associated with 
the chemicals of interest; 

• Risk Characterization - Description of the nature and magnitude of potential health risks; and 

• Uncertainty Analysis - A discussion of the uncertainties in the risk analysis. 

'·, 
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This HHRA was conducted in consideration of the guidance procedures, assumptions, methods and 

formats contained in the following documents: 

• Risk Assessment Guidance for Superfund (RAGS): Volume I - Human Health Evaluation 

Manual (Part A, Baseline Risk Assessment) Interim Final. EPA/540/1 - 89/002. December 

1989; 

• Risk Assessment Guidance for Superfund (RAGS): Volume I - Human Health Evaluation 

Manual (Part D, Standardized Planning, Reporting, and Review of Superfund Risk 

Assessments), Final. 9285.7-47. December 2001a; 

• Risk Assessment Guidance for Superfund (RAGS): Volume I - Human Health Evaluation 

Manual (Part E, Supplemental Guidance for Dermal Risk Assessment), Final Publication. 

EPA/540/R/99/005. July 2004a; 

• Exposure Factors Handbook, Volume 1. EPA/600/P-95/002F (1997a); 

• Exposure Factors Handbook, Volume 2. EPA/600/P-95/002F (1997b); 

• Exposure Factors Handbook, Volume 3. EPA/600/P-95/002F (1997c); 

• Selecting Exposure Routes and Contaminants of Concern by Risk-Based Screening, USEPA 

Region Ill, January 1993; 

• USEPA Region Ill Risk-Based Concentration Table (April 7, 2005 version); and 

• Applicable USEPA and Region Ill guidance. 

For the purposes of the HHRA, the analytical results have been considered on both an area-wide basis 

and a human health risk evaluation area basis (HHREA; as discussed in Section 6.1 ). All analytical 

results were pooled to complete the area-wide assessment. Soil analytical results were subdivided based 

on land use, lease-hold arrangements, historical plant operations, and the types/concentrations of 

detected constituents for the individual HHREA assessments. 
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The data evaluation consisted of compiling and evaluating relevant chemical-analytical data generated 
during the RFI. The primary objective of the data evaluation process was to develop a media-specific list 
of COCs for the Facility. The selection of COCs was a qualitative or semi-quantitative screening process 
used to limit the number of chemicals quantitatively evaluated in the HHRA to those chemicals that are 
site-related and may contribute significantly to the overall risk. 

The procedure used to complete the screening process is discussed in detail in Section 7.1.1. Additional 
screening used to consider the potential impacts of elevated sample detection limits is discussed in 
Section 7.1.2. Segregation of the analytical data into HHREA sample groups is discussed in 
Section 7.1.3. 

7.1.1 SCREENING PROCEDURE- DETECTED ANAL YTES 

A detailed description of the screening process for detected analytes in Facility media is presented in 
Section 6.2. The laboratory analytical results and applicable screening criteria for surface soil, 
subsurface soil, groundwater, surface water, and sediment are provided in Appendices F through J. 
Detailed summaries of the identified COCs for soils in each HHREA are presented in Tables 6-1 a through 
6-1j. A complete list of COCs for surface and subsurface soil for each HHREA is summarized in 
Table 7-1. Complete lists of the COCs for site-wide groundwater and ambient air, and surface water and 
sediment in Mahan's Run are summarized in Table 7-2. Because soils were subjected to a two part 
screening process, a brief discussion of this screening procedure is presented in the following paragraph. 

USEPA Region Ill RBCs fof soils and USEPA's SSLs were selected as the applicable screening criteria 
for surface and subsurface soils at the Facility. The RBCs are derived solely from direct contact with soil 
(i.e., ingestion, dermal exposure) assuming that the land use is residential (surface soil) or industrial 
(subsurface soil). The SSLs are based on the assumption that soils may act as a source of 
contamination via leaching and infiltration to a potable· groundwater source; therefore, concentrations 
above SSLs may indicate the potential for groundwater impacts. The following two part screening 
procedure was used to evaluate representative COCs for further evaluation in the surface and subsurface 
soil assessments. 

i ·. 
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• Step 1: Chemical constituents whose maximum concentrations exceeded either the 
Region Ill RBCs or the USEPA SSLs were initially selected as COCs for further evaluation. 
COGs with concentrations in excess of Region Ill RBCs were retained for evaluation 
regarding direct contact exposures with soils (i.e., ingestion and dermal adsorption). No 
further screening steps were performed for these constituents. 

Chemical constituents whose maximum concentration was greater than USEPA SSLs but 
less than Region Ill RBCs were not retained as COGs for direct contact exposure analysis 
(i.e., ingestion and dermal contact) but were further evaluated, based on their potential to 
impact groundwater via leaching, as described in Step 2. 

• Step 2: Constituents that only exceeded the SSLs were compared to the list of COGs 
identified in groundwater. If the constituent in soil exceeding the SSL was also identified as a 
COC in groundwater, the constituent was not considered further for analysis in the HHRA. If 
the constituent exceeding the SSL in soil was not listed as a groundwater COC, then the 
constituent was retained as a groundwater COC (assuming future impacts to groundwater 
may occur). The following table lists the chemicals that exceeded SSLs, were retained as 
groundwater COGs for further groundwater evaluations (as necessary), and removed from 
the list of soil COGs: 

! 
I· 
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Chemicals Detected in 
Surface and Subsurface 
Soils at Concentrations 

<Region Ill RBCs but 
>USEPASSLs 

Surface Soil 
Selenium 
Acenaphthylene 
Aniline 
Benzo(ghi)perylene 
Carbazole 
Dibenzofuran 
2,6-Dinitrotoluene 
2-Methylnaphthalene 
Naphthalene 
Benzene 
1 ,2-Dichloroethane 

Subsurface Soil 
Antimony 
Cadmium 
Selenium 
Acenaphthylene 
Aniline 
Benzo(ghi)perylene 
Carbazole 
Dibenzofuran 
2-Methylnaphthalene 
Naphthalene 
n-Nitrosodipropylamine 
Phenanthrene 
Ethyl benzene 
Methylene chloride 
Styrene 
Toluene 
m,p-Xylene 
a-Xylene 

Identified as Added as 
COCin Groundwater 

Groundwater? COC? 

Yes 
Yes 
No Yes 
Yes 
Yes 
Yes 
No Yes 
Yes 
Yes 
Yes 
Yes 

Yes 
Yes 
Yes 
Yes 
No Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
No Yes 
Yes 
Yes 
No Yes 
No Yes 
Yes 
Yes 
Yes 

7 .1.2 SCREENING PROCEDURE- NON-DETECTED ANAL YTES 
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Eliminated as Soil 
COC for Direct 

Contact (i.e., ingestion 
& dermal contact)? 

Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 

Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 

A number of constituents were not identified above detection limits in any samples. To ensure that the 
detection limits were adequate to define the nature and extent of contamination for risk assessment 
purposes, these chemicals were also subjected to the screening process. In accordance with USEPA 
guidance (USEPA, November 1991a), non-detected analyte concentrations should not be treated as 
zero. If a chemical concentration was reported as a non-detected concentration but the maximum non
detect reporting limit was above the screening criteria, then that chemical was retained for further 
evaluation. However, if the chemical was not identified at a concentration above the reporting limit in 
more than one sample from any other medium, the chemical was eliminated from further evaluation in the 
HHRA. 

'. 
' I!. 
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As previously discussed in Section 6.1, the sample data were also segregated for the Facility surface and 
subsurface soils based on land use, lease-hold arrangements, historical plant operations, and the 
types/concentrations of detected constituents. Soil data were segregated to allow additional, sub-area
specific assessment to ensure that the impacts of localized areas of contamination are not 
underestimated, and to support the corrective action decision-making process. These sub-areas were 
designated as HHREAs for the baseline soil risk assessment and include the following: 

• Former Allied Oil AST Area; 

• Byproducts Area; 

• Coal Handling/Coke Making Area; 

• Provenzano Trucking Leased Parcel; 

• Murphy Consolidated Leased Parcel (South); 

• Former Murphy Construction Leased Parcel (North) 

• COG Drip Leg Area; 

• Sinter Plant Ore Yard; 

• Raw Materials Storage Area; and 

• Hillside Area . 

Table 7-1 provides a summary of the COCs for surface soil and subsurface soil in each of the HHREAs. 

7.1.4 CONCLUSION 

In conclusion, twenty-two chemicals were identified as COCs for site-wide surface soils, fifteen chemicals 
were identified as COCs for site-wide subsurface soils, sixty chemicals were identified as COCs for site
wide groundwater, six chemicals were identified as COCs in sediment (Mahan's Run), ten chemicals were 
identified as COCs in surface water (Mahan's Run), and five chemicals were identified as COCs for site
wide ambient air at the East Steubenville Coke Plant. These COCs were carried through the baseline 
risk assessment process on a site-wide basis (for groundwater, surface water, sediment and ambient air) 
and subsets of the list of soil constituents (based on sub-area-specific screening) were considered for the 
HHREA assessments. 

)':-
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This section summarizes various aspects of the exposure assessment for the Facility, including the 
exposure setting and potential receptors, identification of exposure pathways, determination of exposure 
point concentrations, intake estimation methods, and uncertainties. The exposure setting and receptors 
are discussed in Section 7.2.1. Exposure pathways are identified in Section 7.2.2. Methods used to 
determine exposure point concentrations and intakes (doses) under the Reasonable Maximum Exposure 
scenario are outlined in Section 7.2.3. Exposure to lead is discussed semi-quantitatively in Section 7.2.4. 

7.2.1 CHARACTERIZATION OF EXPOSURE SETTING 

Potential exposure to chemicals in environmental media depends on a number of factors related to the 
physical characteristics of a facility and its surroundings, including its location, surrounding land use, 
surface topography, drainage patterns, hydrogeology, geology, meteorology, and vegetation. Other 
factors include the current and possible future uses of the property, which determine the types of activities 
that might occur at the facility, the degree to which the facility is accessible to the general public, the 
amount and types of soil cover, and the mechanisms that might result in migration of chemicals to on-site 
populations. 

Detailed descriptions of the physical characteristics of the Facility (climate, meteorology, geology, 
groundwater hydrology, vegetation, and nearby surface water bodies) are provided in previous sections of 
this report. Therefore, this section focuses on potentially exposed populations under current, projected, 
and hypothetical future land use conditions. 

The Facility is an active industrial property (i.e., coke making and byproducts recovery facility) that 
comprises approximately 602 acres. The property consists of slag-covered areas. As described in 
Section 2.4, much of the area surrounding the Facility is highly industrialized. This is due to the high 
commercial value of the Ohio River shoreline for shipping activities. Other industries supported in the 
area include coke and steel production and scrap metal recycling. USEPA has stated, "sites that are 
surrounded by operating industrial facilities can be assumed to remain as industrial areas unless there is 
an indication that this assumption is not appropriate" (USEPA, 1992a). 

According to available zoning maps and zoning code descriptions, the Facility is currently zoned for 
industrial use and has been used for this purpose for nearly a century. Based on the property's zoning 
designation, future residential use of the on-site property is not likely given its historic/current land use as 
a coke production and byproducts recovery facility (industrial/commercial). However, in accordance with 
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the agency-approved RFI Workplan, a future residential land use was included in this exposure 
assessment for the purpose of initial site screening only. This residential scenario was not intended to be 
used for risk management decisions or to establish site-specific clean-up goals. 

The Facility is connected to the City of Follansbee public water supply system for its potable water needs. 
The Facility currently obtains its industrial water (cooling water, etc.) from two intakes located in the Ohio 
River. There are no plans for developing groundwater at the Facility for potable or industrial use in the 
future. 

Under current and anticipated future land use, on-site commercial/industrial workers and construction 
workers are considered as the most likely potentially exposed populations. Access to the Facility is 
controlled via fences, gates and security. The main operating areas are not readily accessible to the 
public from either land or water (i.e., the Ohio River). Therefore, trespassers are not considered a 
realistic receptor group under current land use conditions in the plant areas and on portions of the 
property adjacent to the Ohio River. 

WPSC owns the large wooded area to the east of the employee parking/Closed Sludge Drying Bed area 
(east side of Route 2), which essentially covers the entire hillside overlooking the valley. A small portion of 
the hillside property has been historically used for the disposal of coal tar derivatives and other plant wastes 
(Hillside Fill Area). Coal tar semi-solids are visibly wicking through the ground surface at two locations in the 
Hillside Fill Area. These locations have been fenced to prevent public access. However, off-site residents 
may have access to surface water and sediment in Mahan's Run through recreational use (i.e., children 
playing in the creek). Therefore, an adolescent recreational user (i.e., youth recreator) was included as a 
potentially sensitive receptor for further evaluation. 

In conclusion, potential and worst-case receptors for further evaluation in this HHRA included the 
following: 

• Adult Commercial Workers- Current and Future Land Use; 

• Adult Construction Workers- Future Land Use; 

• Youth Recreator in Mahan's Run- Current and Future Land Use; 
• Adult Residents - Future Land Use (Screening purposes only); and 
• Child Residents - Future Land Use (Screening purposes only). 

Further discussions regarding potential exposure pathways are presented in the following section. 



\" 

RCRA Facility Investigation Report 
Steubenville East Coke Plant 
Wheeling Pittsburgh Steel Corporation, Wheeling, West Virginia 

7.2.2 IDENTIFICATION OF EXPOSURE PATHWAYS 

Section No.: 7 
Page No.: 7-9 

Revision No.: 0 
Date: 9/05 

An exposure pathway is the mechanism by which an individual may come into contact with chemicals in 

environmental media. An exposure pathway consists of four elements (US EPA, 1989): 

• A source and mechanism of chemical release to the environment; 

• An environmental receiving or transport medium (e.g., air, soil) for the released chemical; 

• A point of potential contact with the environmental medium of concern; and 

• An exposure route (e.g., ingestion) at the receptor contact point. 

For a pathway to be considered "complete," all four elements must be present. If any one of these 

elements does not exist, the exposure pathway is considered incomplete and further evaluation of the 

health risks associated with the incomplete pathway is not required. The characterization of the potential 

exposure pathways at the Facility and whether each pathway was complete is presented in the 

Conceptual Site Model (CSM). A copy of the CSM is included as Figure 7-1. Based on potential release 

and transport mechanisms, potential receptors may be exposed to chemicals in surface soil, subsurface 

soil, sediment, surface water, and ambient air (chemicals volatilized from groundwater and soils). 

Potential Soil Pathways: Complete and potentially complete soil exposure pathways that were 

considered in the HHRA included: 

• Incidental ingestion and dermal contact with on-site surface soil by industrial/commercial 

workers; 

• Inhalation of indoor air and outdoor air by industrial/commercial workers (VOCs volatilized 

from soils or air-borne particulates); 

• Incidental ingestion and dermal contact with surface and subsurface soils by construction 

workers; and 

• Inhalation of outdoor air by construction workers (air-borne particulates or VOCs volatilized 

from soils). 
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Additional pathways related to domestic uses by residents were evaluated for screening purposes only 
and included the following: 

• Incidental ingestion and dermal contact with on-site surface soils by future residents; and 

• Inhalation of indoor and outdoor air by future residents (i.e., VOCs volatilized from soil and/or 

air-borne particulates). 

Potential Groundwater Pathways: Based on the information currently available, potential groundwater 
exposure pathways that were considered in the HHRA included: 

• Inhalation of VOCs volatilized from groundwater to indoor and outdoor air by 

industrial/commercial workers; 

• Inhalation of VOCs volatilized from groundwater to outdoor air by construction workers; and 

• Incidental ingestion and dermal contact with groundwater by construction workers. 

Additional pathways related to domestic uses by residents were evaluated for screening purposes only 
and included the following: 

• Ingestion, dermal contact and inhalation with groundwater as drinking water and/or through 

bathing or showering by residents; and 

• Inhalation of VOCs volatilized from groundwater to indoor air and outdoor air by residents. 

Potential Surface Water/Sediment Pathways: The potential for exposure to surface water/sediment exists 
in Mahan's Run via recreational use (i.e., children playing). Domestic use of surface water and sediment 

was evaluated through: 

• Ingestion and dermal contact with surface water/sediments in Mahan's Run by a youth 

recreator. 

I 
L 
I 
I 
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The magnitude, frequency, and duration of exposures were quantified for the potential receptors and 

exposure pathways selected for evaluation as described in Section 7.2.2. Exposure adjusted for time and 

body weight is termed the "intake" (dose) and is expressed as milligrams (mg) of chemical per kilogram 

(kg) of body weight. The concentration term ("C") in the intake equation was determined in accordance 

with USEPA's Supplemental Guidance To RAGS: Calculating the Concentration Term (USEPA, 1992b). 

The generic equation for calculating chemical intake is given as: 

where: 

= 

c = 

CR = 

EF = 
ED = 
BW = 
AT = 

= C x CR X EF x ED 

BWxAT 

intake; amount of chemical at the exchange boundary (mg/kg 

body weight-day) 

chemical concentration in the environmental media (mg/L, 

mg/m3 or mg/kg) 

contact rate; amount contacted per unit time (e.g., liter/day or mg/m3
}: dermal, 

oral or inhalation 

site-specific exposure frequency (day/year) 

site-specific exposure duration (years) 

body weight; average weight over exposure period (kg) 

averaging time; period over which exposure is averaged (days) 

Methods for determining chemical concentrations to be used in the risk equations are summarized in the 

following sections. 

7.2.3.1 Exposure Point Concentrations 

Exposure Point Concentrations ("Cs") used for the risk calculations were determined by calculating the 

95% Upper Confidence Limit on the mean (95% UCL) for each COC (i.e., groundwater, soil, sediment, or 

surface water) where a sufficient number of sample results (4 or more) existed in the database to perform 

the calculation. For those COCs with limited datasets (less than 4 data points), the maximum 

concentration was selected for use in the risk calculations. Data flagged with a "J", "N" or "L" qualifier 

were entered at face value. Duplicate samples were averaged. Non-detected values in the database 

i. 
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were entered as one-half of the detection limit for the UCL calculations. In addition, if the maximum 
concentration for a COC in the database was less than the calculated 95% UCL, the maximum detected 
concentration was then used to represent "C". 

Prior to calculating the 95% UCL, distributional assumptions (i.e., normal or lognormal distributions) for 
each dataset were tested using the Shapiro-Wilk Test for normality (datasets with less than 50 samples) 
or the Lilliefors Test for normality (datasets with greater than 50 samples) (USEPA, 1992b). In 
accordance with USEPA risk assessment guidance, if the results of the normality testing indicated that 
the datasets did not approximate. a normal distribution, the 95% UCL was calculated using a lognormal 
formula (USEPA, 2002a). For those datasets that did not approximate a normal or lognormal distribution 
alternative, statistical procedures were used to calculate the 95% UCL described in "Calculating Upper 
Confidence Limits for Exposure Point Concentrations at Hazardous Waste Sites" (USEPA, 2002a). 
These alternative methods have been peer-reviewed and accepted for use by USEPA at the regional 
level (i.e., USEPA Regions Ill and V). 

The ProUCL software program, developed by USEPA (USEPA, 2004b), was used to perform the 
calculations. The software generated worksheets that summarize the test results (i.e., normality tests and 
95% UCLs) are included in Appendix 0. Copies of the COC databases are also included in Appendix 0. 
The results of the 95% UCL calculations for Facility media are summarized in Tables 7-3, 7-4, 7-5, and 
7-6. 

7.2.3.2 Exposure Dose Estimates 

"Exposure dose" (also called an administered dose) is defined as the amount of a constituent that a 
receptor contacts. Exposure is measured in terms of the concentration in the exposure medium of 
interest (i.e., soil, water, air, or food). "Intake" is the physical movement of a chemical through the outer 
boundary of the body (e.g., mouth or nose) via inhalation or ingestion. "Uptake" is the absorption of a 
chemical across the skin or other exposed tissue. For risk assessment purposes, potential dose, applied 
dose, and internal dose are the most relevant estimates of intake and uptake. The "potential dose" is the 
amount of a chemical (concentration) in material that is ingested, inhaled, or applied to the skin, 
analogous to the "administered dose" in a toxicity study. "Applied dose" is the amount of a chemical in 
contact with the primary absorption boundaries (skin, lungs, gastrointestinal [GI] tract) and available for 
absorption. "Internal dose" is the amount of a chemical actually crossing the absorption boundary 
(i.e., the amount absorbed). 
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The "Average Daily Dose" (ADD) or "Lifetime Average Daily Dose" (LADD) is used to quantify exposure 
dose in Tier 2 quantitative site risk assessments. The ADD is used as a standard measure for long-term 
non-carcinogenic effects, whereas the LADD addresses exposures that may occur over varying durations 
from a single event to an average 70-year human lifetime and is used to estimate potential carcinogenic 
risks. This risk assessment uses USEPA (1989) exposure pathway calculations. The following presents 
the specific ADD/LADD equations by exposure pathway. These equations, conservative default exposure 
parameters, and site-specific exposure parameters are also included in Appendix P. 

Ingestion Exposures: The potential doses via ingestion of soil or water are calculated as follows: 

ADD I LADD = C x IR x EF x ED x BF x Fl x CF 

BWxAT 

where: 

c 
IR 

EF 

ED 

BF 

Fl 

CF 

BW 

AT 

= 
= 
= 
= 
= 
= 
= 
= 
= 

chemical concentration in soil (mg/kg) or water (mg/L) 

ingestion rate of soil (mg/day) or water (Uday) 

exposure frequency (days/year) 

exposure duration (years) 

bioavailability factor (unitless) 

fraction ingested from media (unitless) 

conversion factor for soil (1 O.o kg/mg) 

body weight (kg) 

averaging time (days) for carcinogenic effects: 

70 years (25,550 days); averaging time for noncarcinogenic 

effects: ED x 365 days 

Construction Worker Ingestion Rate: The current recommended incidental soil ingestion rate (IR) for an 
adult construction worker is 480 mg/day. This IR is based on the assumption that soil ingestion among 
adults occurs from hand to mouth contact and ingestion of soil on food. The value of 480 mg/day is 
based on several qualitative assumptions, including a soil to skin adherence factor of 3.5 mg/cm2 

(Hawley, 1985). In a study sponsored by the USEPA, John Kissel estimated more recent quantitative 
measures of soil to skin adherence values (Kissel et al., 1996). The results of this study are presented in 
the USEPA Exposure Factors Handbook (USEPA, 1997). For a construction worker the soil adherence 
rate for hands was measured to be 0.24 mg/cm2

. Additional scenarios include a farmer with no gloves .,---------.. 
with a soil adherence rate of 0.47 mg/cm2 and a utility worker with a rate of 0.32 mg/cm2

. Assuming worst 
~ 

case, that an excavation worker would not be wearing gloves, the farmer rate of 0.47 mg/cm2 was used to 
adjust the ingestion rate as follows: 

·"'-.. 
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An ingestion rate of 64 mg/day was therefore used for the construction worker in this risk assessment. 

Inhalation Exposures: The potential dose for inhalation of volatiles is calculated using the following 
equation: 

where: 

CA 

VF 

PF 

IRA 

EF 

ED 

ET 

Fl 

BF 

BW 

AT 

ADD I LADD = £1_x IRA.x EF xED x ET x Fl x BF 

BWxAT 

= 

= 

= 

= 

= 

= 

= 

= 

= 

= 

= 

= 

= 

Equivalent chemical concentration in air (mg/m3
) 

VF x C (for VOCs in soil or groundwater) 

VF x PF (for all other chemicals in soil) 

volatilization factor (cm3-water or soil/cm3-air) 

particulate emission factor (m3/kg) 

inhalation rate (m%our) 

exposure frequency (days/year) 

exposure duration (years) 

exposure time (hours/day) 

fraction inhaled at site (unitless) 

relative inhalation Bioavailability Factor (unitless) 

body weight (kg) 

averaging time (days) for carcinogenic effects: 

70 years (25,550 days); 

averaging time for noncarcinogenic effects: 

ED X 365 days 

Outdoor Air: Inhalation risks were evaluated for outdoor air using standard risk equations presented in 
RAGS A (USEPA, 1989). The outdoor ambient air concentrations were calculated by dividing all detected 
VOC concentrations in soil by a volatilization factor (VF) as outlined in the document, "Supplemental 
Guidance for Developing Soil Screening Levels for Superfund Sites - Peer Review Draft" (USEPA, 
2001c). The resulting air concentrations, for each VOC, were then compared to USEPA Region Ill RBCs 
for ambient air. Chemical concentrations in soil that yielded an air concentration in excess of its 

l 
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respective RBC for ambient air were retained for further evaluation (Table 6-5a and Table 6-5b). The 
identified COCs included benzene, 1 ,2-DCA, toluene, m,p-xylenes, and a-xylene. The equations used to 
calculate volatilization factors from soil are included in Appendix Q and summarized below: 

VF z QICvotx {3.14 x DAxT)1.12 
x 10-4m2 I cm2 

2xpb xDA 

and: 

(81013 
x o. x H'xB1013 

x D )1 n2 0 _ a 1 w W A-
Pb x Kd + Ba + Bw x H' 

where: 

VF = volatilization factor (m3/kg) 

DA = apparent diffusivity (cm2/s) 

Q/Cvol = inverse of the mean concentrat-iefl.-a1 the cel\lter of a 0.5-acre 

square source (90.24 g/m2-s per kg/m3
) 

T = exposure interval (9.5x1 08
) 

Pb = dry soil bulk density (1.43 g/m3) 

Sa = air-filled soil porosity (0.244 cm3-air/cm3-soil) 

8w = water-filled soil porosity (0.215 cm3-water/cm3-soil) 

n = total soil porosity (0.4604) 

D1 = diffusivity in air (chemical specific; cm2/s) 

H' = dimensionless Henry's Law constant (chemical specific) 

Dw = diffusivity in water (chemical specific; cm2/s) 

Kl = (Koc x foe) soil-water partition coefficient (cm3/g) 

Koc = organic carbon partition coefficient (cm3/g) 

foe = fraction organic carbon (0.002) 

Exposure to volatilization of organic compounds from groundwater into outdoor air were evaluated using 
equations and methodologies described in USEPA's "Air/Superfund National Technical Guidance Study 
Series, Guideline for Predictive Baseline Emissions Estimation for Superfund Sites" (USEPA, 1996a). 
The outdoor ambient air concentrations were calculated by dividing COC concentrations in groundwater 
by a volatilization factor (VF) as outlined in the document, "Standard Guide for Risk-Based Corrective 
Action" (ASTM International, 1998). The resulting air concentrations, for each VOC, were used to 
represent CA. COCs, included in this evaluation included benzene, 1 ,2-DCA, and toluene. Equations 
used to calculate volatilization factors are included in Appendix Q and summarized below: 

VFgwamb z ( 1 ) ' DFamb XLgw 1 
1+ x--

D eff ,ws H eff 

i 
I 

1. 

I. 
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and: 

DF - UairXWXc5air 
amb- A 

where: 

VFgw,amb = volatilization factor {cm3-water/cm3-air) 

Dett,ws = effective diffusivity-averaged water table to 

surface {cm2/s) 

DFamb = dispersion factor for ambient air {cm/s) 

Hett = effective Henry's law coefficient {cm3-water/cm3-air); chemical specific 

Lgw = depth to groundwater {487.7 em) 

Uair = ambient air velocity in mixing zone {225 cm/s) 

w = width of source-zone area {22,860 em) 

Oair = mixing zone height {200 em) 

A = source zone area {1 05,159,200 cm2
) 

hv = vadose zone thickness {464.8 em) 

heap = capillary zone thickness {15.24 em) 

Dett,vad = effective diffusivity- vadose zone soils {cm2/s); chemical specific 

Dett,cap = effective diffusivity- capillary fringe zone {cm2/s); chemical specific 

Indoor Air (enclosed building spaces): Exposure to volatilization of organic compounds from groundwater 

and soil into indoor air was evaluated using the Johnson and Ettinger {J&E; 1991} algorithm. To facilitate 
the use of this model, USEPA distributes Microsoft Excel spreadsheets and a comprehensive guidance 
document {EQM, 2004). For evaluations in this HHRA, the advanced soil model {SL-ADV; Version 3.1) 

and advanced groundwater model {GW-ADV) were used to calculate the building air concentrations for 

each CCC identified for quantitative evaluation. The model derived air concentrations were then input 

into standard risk equations that included inhalation slope factors and reference doses. Worksheets used 
to calculate indoor air risks are included in Appendix Q. 

The Byproducts Area was selected as the setting for the indoor air modeling for both industrial and 

residential receptors because the concentrations of the COCs in soils were elevated with respect to other 
soils at the Facility. Therefore, the results of the air modeling were conservative {i.e., representing "worst 
case" soil conditions). The 95% UCLs for benzene, 1 ,2-DCA, toluene, m,p-xylene, and a-xylene 



RCRA Facility Investigation Report 
Steubenville East Coke Plant 
Wheeling Pittsburgh Steel Corporation, Wheeling, West Virginia 

Section No.: 7 
Page No.: 7-17 
Revision No.: 0 

Date: 9/05 

calculated from the Byproducts Area soil dataset were used as inputs in the J&E Model (SL-ADV 
module). The 95% UCLs for benzene, 1 ,2-DCA, and toluene calculated from the site-wide groundwater 
dataset were used as inputs into the groundwater module (GW-ADV). 

The currenUfuture industrial building, used in model, was assumed to be a slab-on-grade, plant office 
structure with an area of 1,672 m2

. The ceiling height was set at 7 meters (12 feet). The air exchange 
rate for indoor air used in the calculations was 2.0 air exchanges per hour. This exchange rate is 
referenced in Standard 62-1999 ''Ventilation for Acceptable Indoor Air Quality'' obtained from the 
American Society of Heating, Refrigeration and Air-Conditioning Engineers, Inc." (ASHRAE, 1999). A 
summary of the inputs used in the J&E Model for calculation of indoor air concentrations in a commercial 
structure included the following: 

INPUT ASSUMPTIONS FOR J&E MODEL- COMMERCIAUINDUSTRIAL BUILDING 
Soil Type Sandy loam 
Soil vaQ_or _permeability (k,J_ Calculated by model; based on soil type 
Soil gas advection rate (Oson) Calculated by model; based on soil type 
Air exchange rate _(ER) 2.0 exchanges/hour 
Enclosed space height (H6) 549 em (existing building) 
Depth below grade to top of contamination {L1) 15.24 em 
Depth below grade to bottom of contamination _{_LtJ_ 488cm -
Depth below grade to water table (Lwr) 488cm 
Floor length (L6) 3,048 em 
Floor width (Ws) 366cm 
Depth below grade to bottom of enclosed space floor (LF) 15cm 

The future residential building, used in model, was assumed to be a one-story house with a basement. 
The area of the residence was assumed to be 204 m2 (2,200 tt\ the typical size for new home 
construction in the northeastern United States (HUD, 2000). The combined ceiling height and basement 
height was set at 366 centimeters (12 feet), the default value referenced in the J&E Model. The air 
exchange rate for indoor air used in the calculations was 0.25 exchanges per hour (the default value 
referenced in the J&E model). A summary of the inputs used in the J&E Model for calculation of indoor 
air concentrations in a hypothetical future residential dwelling included the following: 

INPUT ASSUMPTIONS FOR J&E MODEL- HYPOTHETICAL RESIDENTIAL DWELLING 
Soil Type Sandy Loam 
Soil va2_orpermeabili!Y (k.,.)_ Calculated by model; based on soil type 
Soil gas advection rate (Osail) Calculated by model; based on soil type 
Air exchange rate (ER) 0.25 exchanges/hour {default) 
Enclosed space height (H6 ) 366 em (default}_ 
Depth below grade to top of contamination (L1) 201.2 em 
Depth below grade to bottom of contamination (Lb) 488 em 
Floor length (Ls) 1429.5 em 
Floor width (W s) 1429.5 em 
Depth below grade to bottom of enclosed space floor (LF) 200 em 

I 
I 
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Shower Air: A future adult resident, using groundwater from a residential well, may be exposed to COCs 
(i.e., benzene, 1 ,2-DCA, and toluene) volatilized from water during showering. Potential inhalation risks 
from COCs in shower air were calculated using the Foster and Chrostowski model (Foster and 
Chrostowski, 1986). Concentrations in the shower air (CA) are estimated using the following equations: 

where: 

CA 

Msh 

= 

= 

= 

= 

air concentrations in the shower stall or the bathroom (mg/m3
) 

mass of contaminants that volatilize in the shower stall/ 

bathroom from water (mg) 

Msh = fv X Q X ish X Cw 

fv = the fraction of contaminant volatilized (mg/mg) 

Q = the volumetric flow rate of water (1/min) 

tsh = the duration for which water is flowing (min) 

Cw = the concentration of contaminant in water (mg/1) 

volume of air in the shower stall/bathroom (m3
) 

Vsh 

Lsh 

Wsh 

Hsh 

= 
= 
= 
= 

Lsh X Wsh X Hsh 

the length of the shower stall/bathroom (m) 

the width of the shower stall/bathroom (m) 

the height of the shower stall/bathroom (m) 

The shower model is conservative in that it assumes that no exchange of air with outside air or the 
remaining portion of the house occurs, there is complete and instantaneous mixing of the volatile 
emissions with the air in the shower stall, and the fraction of VOC mass in the water used for showering is 
set equal to unity. Model assumptions, concentrations of the COCs, exposure assumptions, and the risk 
calculation results are provided in Appendix R. 

Dermal Exposures: The potential dose calculated for dermal contact, for any receptor, with soil is 
estimated from the following equation: 

ADD I LADD = CS x CF x SA x AF x ABS x EF x ED 

BWxAT 

where: 

cs 
CF 

= 
= 

chemical concentration in soil (mg/kg)_ 

conversion factor (1 0-s kg/mg) 
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SA 

AF 

ABS 

EF 

ED 

BW 

= 

= 

= 

= 

= 

= 

skin surface area exposed (cm2/event) 

soil to skin adherence factor (mg/cm2
) 

skin absorption factor (unitless) 

exposure frequency (events/year) 

exposure duration (years) 

body weight (kg) 
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AT = averaging time (days) for carcinogenic effects: 70 years (25,550 days); averaging 
time for noncarcinogenic effects: 

ED x 365 days 

A future resident, using groundwater from a residential well, may be exposed to COCs during showering 
or bathing. The potential dose calculated for dermal contact with water containing organic chemicals for 
short exposure durations is estimated from the following equation (USEPA, 2004a): 

ADD I LADD = DAevent x EV x ED x EF x SA 

BWxAT 

Where the exposure event duration (!event) is less than or equal to the chemical-specific time to reach 
steady-state (t*), therefore: 

DAevent = 2 X FA X Kp X Cw X ~6xtau xteven;<_ 

FA = fraction adsorbed (unitless, assumed as 1) 

Kp = permeability constant (cm/hr); chemical specific 

Cw = chemical concentration in water (mg/L) 

tau = lag time, chemical specific (hours/event) 

!event = event duration (hours/event) 

1t = 3.14159265 

B = dimensionless ratio of the permeability coefficient of a compound 

through the stratum corneum relative to its permeability coefficient 

across the viable epidermis (ve); dimensionless 

EV = events per day 

SA = skin surface area (cm2
) 

EF = exposure frequency (events/year) 

ED = exposure duration (years) 
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CF 

BW 

AT 

= 

= 

= 

conversion factor (10-3 mUL) 

body weight (kg) 

averaging time (days) for carcinogenic effects: 70 years (25,550 

days); averaging time for noncarcinogenic effects: ED x 365 days 
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Where the exposure event duration (!event) is greater than the chemical-specific time to reach steady-state 

(t*), therefore: 

DAevent = cA K C [tevent 2 t [1+38+38
2

)] r. X p X W X --+ X 8U X 
2 1+8 (1+8) 

The potential dose for dermal contact with inorganic chemicals in water is estimated by the following 

equation: 

ADD I LADD = Cw x SA x Kp x fevent x EF x ED x CF 

8WxAT 

Adjustment to Dermal Toxicity Factors: To characterize risk from the dermal exposure pathway, the oral 

toxicity factor is typically adjusted to represent an absorbed rather than an administered dose (RAGS E; 

USEPA, 2004a). These adjustments are necessary to evaluate percutaneous absorption (i.e., passage of 

a chemical through the unbroken skin). Adjustments to the oral reference dose (RfD) are accomplished 

by multiplying the oral toxicity factors by a chemical-specific gastrointestinal (GI) absorption value to 

obtain the dermal reference dose RfDd· In accordance with guidance presented in RAGS E (USEPA, 

2004a) and the absorption values presented in Exhibit 4-1 of that guidance, the oral toxicity factors used 

in this HHRA were adjusted to absorbed doses when application of the Gl absorption value resulted in at 

least a two-fold difference in the dermal toxicity factor (i.e., the absorption value was 50% or greater). For 

those COCs where no Gl absorption values were available, it was conservatively assumed that the 

dermal absorbed dose was equivalent to the oral administered dose. 

Bioaccessibility: Bioaccessibility is defined as the amount of chemical that can be released from a matrix 

and made available for absorption by an organism. Bioaccessibility factors can be determined for both 

oral and dermal pathways. Based on an initial review of the data, in all areas of the Facility, except for 

the Byproducts Area (i.e., the main operations area), COCs detected at high concentrations included 

chromium, iron, manganese, thallium, and vanadium. These metals are not associated with historical and 

current operations, and based on review of historical information, it is likely that fill, composed of steel 

slag from either the Blast Furnace (BF) operations or Basic Oxygen Furnace (BOF) operations, was used 

~: 
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to bring the property to its present grade elevation. Therefore, bioaccessibility factors derived for slag

related inorganics were applied to risk equations to adjust for metals contributions from the fill materials. 

Bioaccessibility factors were determined for several inorganics in a study conducted for the members of 

the steel slag industry (Proctor et al. 2002). A copy of this study is provided in Appendix S. The physical 

properties of slag particles allow them to interlock and provide good adhesion in asphalt and concrete 

(Proctor et al., 2002). The impetus of the study was to determine the risk to human and ecological 

receptors from a wide range of applications of slag material, including road base and landscape 

aggregate. 

Within this study, oral bioaccessibility factors were derived from an in vitro study that included simulating 

gastric conditions. Metals from three slag types, including BF, BOF, and Electric Arc Furnace (EAF), 

were extracted using hydrochloric acid with a pH of 1.4 for 2 hours in a water bath at 37 degree Celsius. 

Dermal bioaccessibility factors were derived by using the ASTM water leach test using a 20:1 water:slag 

ratio and 18 hours of continuous shaking to simulate extraction of metals from sweat on the skin. 

Results for this study were presented for each of the three slag types. Based on review of historical 

information, the slag type at the Follansbee Plant is either BF or BOF. Therefore the maximum 

bioaccessibility for the following chemicals for the BF or BOF type (higher of the two values) were applied 

to applicable risk equations: 

Oral Bioaccessibility (from Table 6 in Proctor et al 2002) 

Beryllium 1 00% BF 

Cadmium 100% BF 

Chromium 

Manganese: 

Thallium: 

Vanadium: 

100% BF 

100% BF 

100% BF 

24.5% BOF 

Dermal Bioaccessibility (Table 6 from Proctor et al 2002) 

Beryllium 2.4% BF 

Cadmium 0.033%BOF 

Chromium 0.31% BF 

Manganese: 0.50% BF 

Thallium: 0.18% BOF 

Vanadium: 0.12% BOF 
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Bioavailability: Bioavailability is defined as the amount of the bioaccessible chemical that is actually 

absorbed (Proctor et al., 2002). For the evaluation of the dermal pathway, USEPA guidance 

recom.mends using the following percent absorption through the skin (USEPA, 2004a): 

Arsenic 3.0% 
Cadmium 0.1% 
Other inorganics 1.0% 
PAHs 13% 
VOCs 3.0% 

For the oral and inhalation pathways, bioavailability percentages were assumed to be 100%. 

Exposure Parameters: Exposure parameters are quantitative estimates of the frequency, duration, and 

magnitude of exposure to various media. The exposure parameters selected are based on USEPA 

guidance (USEPA, 1989, 1997a, 1997b, 1997c, and 2004a) or site-specific factors, when applicable. 

Table 7-7 summarizes the exposure parameters for each of the potential receptors. 

7.2.4 EXPOSURE TO LEAD 

Lead was identified as a COC for the Facility in surface soil and groundwater as a result of direct 

comparison of the maximum observed concentration with the USEPA Office of Solid Waste and 

Emergency Response (OSWER) benchmark (400 mg/kg) and USEPA's drinking water action level (15 

pg/L) based on residential land use. These lead concentrations represent very conservative screening 

criteria as they are typically associated with residential exposures. Because neither a Reference Dose 

nor a Cancer Slope Factor has been developed for lead, it is routinely handled separately from other 

chemical constituents. Typically USEPA models are used to evaluate lead exposure in adults and 

children; the Adult Lead Model (ALM} for industrial/commercial worker exposures and the Integrated 

Exposure Uptake Biokinetic (IEUBK) Model for Lead in Children. These are conservative models in that 

they assume an adult is a pregnant worker and a child is between 6 months and 7 years of age. 

However, as a result of the data evaluation process, it was determined that lead is not present in surface 

soil or groundwater at the Facility at levels of concern. Specifically, only two surface soil samples were 

found to contain lead at concentrations above the OSWER residential benchmark of 400 mg/kg. 

• MW-82PS- Byproducts Area (588 mg/kg); and 

• SBE6S0.8- COG Drip Leg Area (533 mg/kg). 

To determine the exposure point concentration (EPC) for lead, the 95% UCL was calculated from the 

available lead data in each area. The calculated EPC, based on statistical analysis of the data, was 

below 400 mg/kg (the OSWER residential benchmark for lead; USEPA 2003a,b}. 
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Area of Interest EPC (mg/kg) Basis 
Byproducts Area 209 UCL - approximate gamma distribution 
COG Drip Leg Area 200 UCL - approximate gamma distribution 

Similarly, only two groundwater samples were found to contain lead at concentrations above USEPA's 

action level (15 pg/L) for lead. These samples were not filtered prior to analysis and the concentrations of 

lead may be biased high due to the contributions of suspended solids. Filtered ·groundwater samples 

from the same wells contained lead at concentrations below 15 pg/L. 

Monitoring Well ID Total Lead Dissolved Lead 
(sample type) Concentration (pg/L) Concentration (pg/L) 

MWC3PW (perched water) 22.7 10 
MWH1W (top of rock) 82.4 10.8 

In conclusion, exposure to lead in surface soil and groundwater at the Facility is not considered to pose a 

health threat even under residential land use conditions. Only two surface soil samples and two 

groundwater samples yielded lead concentrations slightly in excess of the residential screening criteria. 

Further evaluation of these data indicated that the upper 95% confidence limits for the areas exhibiting 

slightly elevated concentrations in soils were below the residential benchmark. The elevated lead 

concentrations in groundwater were reported from unfiltered samples and are not representative of 

drinking water (i.e., potable water supplies are generally filtered prior to consumption). Therefore, 

detailed biokinetic modeling of lead exposure is not considered necessary. 

7.3 TOXICITY ASSESSMENT 

The objective of this section is to identify the potential health hazards associated with exposure to each 

COC and to identify appropriate "dose-response" parameters to be used to quantify such health hazards. 

Although various chemicals have been found to cause adverse health effects as a result of toxicological 

studies, the dose-response relationship and the extent of exposure must be evaluated before the 

potential health impacts of a COC can be determined. A dose-response relationship correlates the 

magnitude of the intake of a chemical (the amount that is absorbed by, or administered to, a receptor) 

with the increased likelihood or severity of adverse effects resulting from that intake. 

COC dose-response relationships have been investigated by means of epidemiological and clinical 

studies. Data from human and animal studies are weighed in an effort to derive toxicity values which are 

quantitative estimates of the incidence of adverse effects. The toxicity value used to evaluate 

noncarcinogenic health effects is the Reference Dose (RfD). Carcinogenic effects are quantified using 

the Cancer Slope Factor (CSF). 



RCRA Facility Investigation Report 
Steubenville East Coke Plant 
Wheeling Pittsburgh Steel Corporation, Wheeling, West Virginia 

Section No.: 7 
Page No.: 7-24 
Revision No.: 0 

Date: 9/05 

Toxicity values for oral and inhalation exposures have been developed by the USEPA for many organic 

chemicals and metals. Although RfDs and CSFs can be found in several toxicological sources, USEPA's 

Integrated Risk Information System (IRIS) on-line data base is the preferred source of toxicity values. 

This data base is continuously up-dated and values presented have been verified by USEPA RfD and 

Carcinogenic Risk Assessment Verification Endeavor (CRAVE) work groups. 

RfDs and CSFs found in literature are most often expressed as administered doses, therefore, these 

values are considered to be inappropriate for estimating the risks associated with dermal routes of 

exposu~e (expressed as an absorbed dose). Oral dose-response parameters based on administered 

doses must be adjusted to absorbed doses to accommodate dermal risk assessment. The adjustment to 

an absorbed dose was made using chemical-specific absorption efficiencies available on Exhibit 4-1 

located in RAGS PartE (USEPA, 2004a). 

Most of the dose-response parameters used in the baseline risk assessment were obtained from 

USEPA's Integrated Risk Information System (IRIS) (USEPA, 2005b). Dose-response parameters for the 

Facility COGs are summarized in Tables 7-8 and 7-9 for inhalation, oral, and dermal exposures. Detailed 

references for the dose-response parameters and the oral absorption efficiencies are provided as 

footnotes to the tables. 

The remainder of this section discusses the various dose-response parameters used for the purposes of 

this assessment. Cancer Slope Factors are discussed in Section 7 .3.1. Reference Doses are discussed 

in Section 7 .3.2. 

7.3.1 CANCER SLOPE FACTORS (CSFs) 

Cancer Slope Factors (CSFs) are used to estimate the upper-bound lifetime probability (assuming a 

70-year lifetime) of a human receptor developing cancer as a result of exposure to a known or potential 

carcinogen. A CSF is usually accompanied by a provisional weight-of-evidence classification, which 

indicates the likelihood that a chemical is a human carcinogen. Based on data collected from animal and 

human studies, USEPA has developed the following weight-of-evidence classifications: 

• A - Known human carcinogen; 

• B 1 - Probable human carcinogen, limited human data are available to support 

carcinogenicity in humans; 

i -,. 

i 
I. 

I ,. 
l 
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• 82 - Probable human carcinogen, sufficient evidence are available to support 

carcinogenicity in animals but inadequate or no evidence is available to support 

carcinogenicity in humans; 

• C - Possible human carcinogen; 

• D - Not classifiable as to human carcinogenicity; and 

• E - Evidence of noncarcinogenicity in humans. 

A CSF is typically reported in units of (mg/kg/dayr1 and is derived through an assumed low-dosage linear 

relationship and an extrapolation from high to low dose responses determined from animal studies. In 

general, the value used in reporting the CSF is the upper 95 percent confidence limit of the slope of the 

dose-response curve. The estimation of CSFs is usually performed for Class A, 81, and 82 carcinogens. 

A Class C carcinogen may or may not have a published CSF and Class D carcinogens do not have a 

published CSF. 

In February 2003, USEPA published the Draft Final Guidelines for Carcinogen Risk Assessment (USEPA, 

2003c). Under these guidelines the "Groups A, 81 ... " will no longer be recognized. Rather new 

descriptors have been developed and will be assigned by the agency. These descriptors will include: 

Carcinogenic to Humans: This descriptor is appropriate when there is convincing epidemiologic 

evidence demonstrating causality between human exposure and cancer, or exceptionally when 

there is strong epidemiological evidence, extensive animal evidence, knowledge of the mode of 

action and information that the mode of action is anticipated to occur in humans and progress to 

tumors. 

Likely to be Carcinogenic to Humans: This descriptor is appropriate when the available tumor 

effects and other key data are adequate to demonstrate carcinogenic potential to humans, but 

does not reach the weight-of-evidence for the descriptor "carcinogenic to humans". 

Suggestive Evidence of Carcinogenic Potential: This descriptor is appropriate when the evidence 

from human or animal data is suggestive of carcinogenicity, which raises a concern for 

carcinogenic effects but is judged not sufficient for a stronger conclusion. 

Inadequate Information to Assess Carcinogenic Potential: This descriptor is used when available 

data are judged inadequate to perform an assessment. 

Not Likely to be Carcinogenic to Humans: This descriptor is used when the available data are 

considered robust for deciding that there is no basis for human hazard concern. 
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This HHRA recognizes the future potential re-classification of carcinogens; however, USEPA has only 

reviewed and updated a very limited number of chemicals under these new guidelines as they are still in 

the draft phase and receiving peer review comments. Therefore, the traditional approach for 

classification of carcinogens using the USEPA 1986 guidelines will be used in this HHRA. 

Some carcinogenic toxicity values, especially for the inhalation route, are expressed as a unit risk, which 

is defined as "the risk per unit concentration of substance in the medium where human contact occurs" 

(USEPA, December 1989}. Before a unit risk can be used to quantify potential risks to receptors, it is 

converted to a CSF (kg-day/mg) by dividing the value by the rate of exposure (an inhalation rate of 

20m3/day) and multiplying by 70 kg (assumed body weight}. An additional conversion factor for units 

(1 ,000 Jlg/kg) may be needed if unit risks are reported in risk per f.lg/m3
. Recognizing that this approach 

is not always technically correct, it can provide workable toxicity parameters where they are not otherwise 

available. 

Limited toxicity values are available to evaluate the carcinogenic effects of polynuclear aromatic 

hydrocarbons (PAHs). The most extensively studied PAH is benzo(a)pyrene. This chemical is classified 

as a 82 carcinogen and has a published oral CSF of 7.3 mg/kg/dai1. Insufficient data are available to 

calculate CSFs for the other class 82 carcinogenic PAHs. However, dose-response parameters for other 

potentially carcinogenic PAHs have been developed using Toxicity Equivalence Factors (TEFs) 

presented in current USEPA guidance. The CSFs developed using the TEF approach are summarized in 

the USEPA Region Ill Risk-Based Concentration Table (USEPA, 2005a). 

As stated previously, CSFs for the dermal exposure route are derived using chemical-specific absorption 

efficiencies. The following equation is employed to convert an oral CSF (based on an administered dose) 

to a dermal CSF: 

CSFdennal 

Where: 

CSFdermal = Dermal Cancer Slope Factor (mg/kg/dayr1 

CSForal = Oral Cancer Slope Factor (mg/kg/dayr1 

ABSGI = Absorption efficiency in the gastrointestinal tract (dimensionless) 

The resulting dermal CSF is considered to be more appropriate in estimating the cancer risk associated 

with an absorbed dose. Cancer Slope Factors, weight-of-evidence, and relevant absorption efficiency 

information for carcinogenic COCs are provided in Table 7-8. 
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Reference Doses (RfDs), which are usually expressed in units of mg/kg/day, are developed by the 

USEPA for chronic and/or subchronic human exposure to hazardous chemicals and are based solely on 

the non-carcinogenic health effects associated with exposure to a specific chemical. For the purposes of 

this risk assessment, chronic RfDs were used to estimate risk to all potential receptors. 

An RfD is generally derived by dividing a no-observed-(adverse)-effect-level (NOEL or NOAEL) or a 

lowest-observed-adverse-effect-level (LOAEL) by appropriate uncertainty and modifying factors. NOELs, 

NOAELs, and LOAELs are determined from laboratory or epidemiological studies. The critical toxic 

effects or target organs on which the RfD is based are identified during the RfD development process. 

The uncertainty factor used in the RfD estimation process is based on the availability of relevant toxicity 

data. Uncertainty factors are applied as multiples of 10 to represent specific areas of uncertainty in the 

available data. A factor of 10 is used to account for variations in the general population (to protect 

sensitive sub-populations), when extrapolating test results from animals to human (to account for 

interspecies variability), when a NOAEL derived from a subchronic study (instead of a chronic study) is 

used to develop the RfD, and when a LOAEL is used instead of a NOAEL. In addition, the USEPA 

reserves the use of a modifying factor of up to 10 based on professional judgment regarding data 

uncertainties not already considered. The default value of the modifying factor is 1.0. 

Toxicity values for inhalation exposures are typically expressed as Reference Concentrations (RfCs). 

These values are reported in units of mg/m3 and can be converted to RfDs by multiplying the RfC by the 

inhalation rate (20 m3/day) and dividing by the body weight (70 kg). As indicated previously, most dose

response parameters are based on administered doses. The dermal RfDs are adjusted from 

administered dose to absorbed dose in the following manner: 

RfDderrnal = RfDoral x ABSGI 

Where: 

RfDderrnal = Dermal Reference Dose (mg/kg/day) 

RfDoral = Oral Reference Dose (mg/kg/day) 

ABSGI = Absorption efficiency in the gastrointestinal tract (dimensionless) 

~. 
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The adjustment for absorption efficiency must be made, before the potential risks for dermal exposures 

can be estimated. Route-specific Reference Doses, critical effects/target organs, and relevant absorption 

efficiency information for non-carcinogenic COGs are provided in Table 7-9. 

7.4 RISK CHARACTERIZATION 

"Risk characterization" is the description of the nature and magnitude of potential human health risk, 

including uncertainty. Risk characterization integrates the results of the Exposure Assessment and 

Toxicity Assessment to estimate theoretical excess lifetime cancer risks (CRs) and non-carcinogenic 

health effects associated with exposure to chemicals. This integration provides quantitative estimates of 

either cancer risk or non-cancer hazard indices (His), which are compared to standards of acceptable 

risk. 

For every complete exposure pathway identified in the Exposure Assessment, the non-carcinogenic 

hazard index (HI) and the theoretical excess lifetime cancer risk (CR) were estimated according to a 

Reasonable Maximum Exposure (RME) scenario. 

7.4.1 RISK ESTIMATION METHODS 

Quantitative estimates of risk are calculated according to risk assessment methods outlined in current 

guidance (USEPA, 1989, 1996, 2001, 2004a). Lifetime cancer risks are expressed in the form of 

dimensionless probabilities based on CSFs and carcinogenic intake estimates. Non-carcinogenic risk 

estimates are presented in the form of Hazard Quotients (or Hazard Indices) that are determined through 

a comparison of intakes with published (or derived) RfDs. 

Cancer Risk Estimation Methods: Cumulative lifetime incremental cancer risk (ICR) estimates across all 

receptor-specific exposure routes are generated for each COG using estimated exposure intakes and 

published (or derived) CSFs, as follows: 

Where: 

n 

LICR = L COli . CSFi 
1 

LICR = Lifetime Incremental Cancer Risk (dimensionless) 

COli = Chronic Daily Intake (mg/kg/day) for exposure route i 

CSFi = Cancer Slope Factor (mg/kg/dayr1 for exposure route i 

i. 

i 

I 
~1 
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Hence, the LICR for an individual COC is the summation of the LICRs for the individual exposure 

pathways. The cumulative LICR for a facility or site is determined by summing the LICRs for the 

individual COGs on a receptor-specific basis. This approach assumes that the critical effect is the same 

for all of the carcinogenic COGs (i.e., cancer). The resulting LICR is a dimensionless expression of an 

individual's likelihood of developing cancer from exposure to carcinogenic chemicals. An incremental 

cancer risk of 1 E-6 indicates that the exposed receptor has 1 in 1 ,000,000 chance of developing cancer 

under the defined exposure scenario. Alternatively, such a risk may be interpreted as representing one 

additional case of cancer in an exposed population of one million persons. 

The calculated cancer risks should be recognized as an upper-limit estimate of potential risk. CSFs are 

the upper 95% confidence limit of a dose-response curve, which is generally derived from animal studies. 

Actual human risk, while not identifiable, is not expected to exceed the upper limit based on the CSFs, 

and, in fact, may be lower. The USEPA has defined the range of 1 E-4 to 1 E-6 as the "target range" for 

RCRA Corrective Action facilities and hazardous waste sites addressed under CERCLA. 

Non-Carcinogenic Risk Estimation Methods: Non-carcinogenic risks are assessed using the concept of 

Hazard Quotients (HQs) and Hazard Indices (His}. The HQ for a COC is the ratio of the estimated intake 

to the RfD (i.e., CDI/RfD}. Cumulative HQs across all exposure pathways for each individual COC are 

determined as follows: 

n 

HQ = L CDIJRfDi 
1 

Where: 

HQ = Non-carcinogenic Hazard Quotient (dimensionless) 

COli = Chronic Daily Intake (mg/kg/day) for exposure route i 

RfDi = Reference Dose (mg/kg/day) for exposure route i 

Summing the individual HQs for all the COGs generates a Hazard Index (HI). If the value of the HI 

exceeds unity (1 }, there is a potential non-carcinogenic health risk associated with exposure to the 

particular chemical mixture. In this case, the potential toxic endpoints and target organs may be 

considered as the sum of the Hazard Quotients only for those individual chemicals having similar effects 

(i.e., not all non-carcinogenic health effects are additive). The HI is not a mathematical prediction of the 

severity of toxic effects and therefore is not a true "risk;" it is simply a numerical indicator of the possibility 

of the occurrence of non-carcinogenic (threshold) effects. 
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A summary of point estimates of carcinogenic and non-carcinogenic risks are presented in this section. 

Reasonable Maximum Exposure scenario risk estimates are based on the conservative exposure 

assumptions, exposure point concentrations (i.e., maximum observed concentrations or 95% UCLs), and 

the dose-response information outlined in the previous sections. Detailed summaries of the COCs, 

EPCs, and carcinogenic and non-carcinogenic risks for each HHREA, site-wide groundwater, surface 

water and sediment in Mahan's Run and site-wide ambient air are provided in Appendix T. Table 7-10 

(carcinogenic risk) and Table 7-11 (non-carcinogenic risk) present an overall summary of the results of 

the risk characterization process. A Hazard Index in excess of 1.0 and an LICR in excess of USEPA's 

acceptable risk range (>1 E-04) is shown as shaded and balded text on these tables. 

7.4.2.1 Cancer Risks 

Cancer risks for soil exposure pathways were evaluated for each individual HHREA. These soil 

evaluations included ingestion and dermal contact with soil, inhalation of air-borne particulates and vapor 

emissions into outdoor air. Due to the migratory nature of groundwater, EPCs for each groundwater COC 

were caiculated from the site-wide groundwater dataset. Therefore the EPCs were assumed to be 

uniformly distributed across the Facility. Direct exposure to groundwater (i.e., incidental ingestion and 

dermal adsorption) was considered for a construction worker using this site-wide approach. Potential 

cancer risks from inhalation of COCs volatilized from groundwater into outdoor and indoor air were also 

evaluated on a site-wide basis. The results of the carcinogenic risk evaluation for each of the receptors 

selected for quantitative assessment (industrial workers, construction workers, youth recreators, adult 

residents, and child residents) are discussed in the following subsections. 

7.4.2.1.1 Industrial Worker 

The theoretical LICRs for industrial workers are summarized on Table 7-10. Exposures for the industrial 

worker included ingestion and dermal contact with surface soil, inhalation of particulates, and inhalation of 

COCs volatilized from subsurface soil into outdoor air for each HHREA. Direct contact with groundwater 

was not a complete exposure pathway for an industrial worker and was therefore not evaluated. Other 

inhalation exposure pathways considered for this receptor included inhalation of vapors emitted from 

subsurface soils and groundwater into building air (indoor air) and inhalation of vapors emitted from 

groundwater into outdoor air. The LICRs for the soil exposure pathways in each HHREA, the LICRs for 

the inhalation pathway/indoor air, and the LICRs for the inhalation exposure pathway/outdoor air 

(groundwater) are summarized as follows: 
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Soil Exposure Pathways: The cumulative LICRs from ingestion and dermal contact with surface soil, 
inhalation of particulates and inhalation of COCs into outdoor air were within USEPA's acceptable target 
risk range of 1 E-06 and 1 E-04 in the following HHREAs: 

• Coal Handling/Coke Making Area (2.5E-05); 

• Provenzano Trucking Leased Parcel (4.4E-05); 

• Murphy Consolidated Leased Parcel (South) (1.2E-05); 

• Former Murphy Construction Leased Parcel (North) (6.5E-05); and 

• COG Drip Leg Area (5.0E-05). 

HHREAs in which the LICRs from exposure to soils were above USEPA's acceptable target risk range 
included the: 

• Former Allied Oil AST Area ( 1.5E-04 ); 

• Byproducts Area (1.6E-03); 

• Raw Materials Storage Area (9 .1 E-04 ); and 

• Sinter Plant Ore Yard (1.4E-04). 

At each HHREA listed above, where the acceptable risk range was exceeded, the risks were driven 
primarily from exposures to PAHs in surface soil. These PAHs contributed more than 90% of the 
increased risk in each HHREA. 

Inhalation Exposure Pathway/Indoor Air: The cancer risks for an on-site industrial worker from COCs 
volatilized from subsurface soil and groundwater into indoor air were 1.3E-03 and 1.9E-06, respectively. 
The risk from inhalation of COCs emitted from subsurface soils exceeds USEPA's acceptable range for 
evaluating risk. The indoor air modeling used the soils data from the Byproducts Area, a location where 
the concentrations of the COCs in soils were elevated with respect to other soils at the Facility. 
Therefore, the results of the air modeling were conservative (i.e., representing "worst case" soil 
conditions). 

Inhalation Exposure Pathway/Outdoor Air (Groundwater): The cancer risk for an on-site commercial 
worker from inhalation of COCs volatilized from groundwater into outdoor air was 2.8E-08, below 
USEPA's acceptable range for evaluating risk. 

'. 
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The theoretical LICRs for construction workers are summarized on Table 7-10. Exposures for the 

construction worker included ingestion, dermal contact, and inhalation of particulates from surface and 

subsurface soil and inhalation of COGs volatilized from subsurface soil into outdoor air for each HHREA. 

Incidental ingestion and dermal contact with groundwater was evaluated for a construction worker on a 

site-wide basis. Other inhalation exposure pathways considered for this receptor included inhalation of 

vapors emitted from groundwater into outdoor air. The LICRs for the soil exposure pathways in each 

HHREA and the LICRs for the groundwater exposure pathways (ingestion, dermal contact, and 

inhalation/outdoor air) are summarized as follows: 

Soil Exposure Pathways: The cumulative LICRs from ingestion and dermal contact with surface and 

subsurface soil, inhalation of particulates, and inhalation of COGs into outdoor air were below or within 

USEPA's acceptable target risk range of 1 E-06 and 1 E-04 for all HREAs. 

Groundwater Exposure Pathways: The LICRs for a construction worker from ingestion and dermal 

contact with groundwater were 9.6E-05 and 1.0E-03, respectively. The calculated LICR for dermal 

contact with groundwater exceeds USEPA's acceptable risk range for a construction worker. The LICR 

for a construction worker from inhalation of vapors emitted from groundwater into outdoor air was 

1.1 E-08, below USEPA's acceptable risk range. 

7.4.2.1.3 Youth Recreator in Mahan's Run 

As shown in Table 7-10, the LICRs for a youth recreator from ingestion and dermal contact with 

sediments in Mahan's Run were 2.2E-06 and 1.2E-06, respectively. These risks results were within 

US EPA's acceptable risk range of 1 E-06 to 1 E-04. 

No carcinogenic compounds were identified as COGs in surface water in Mahan's Run; therefore, the 

surface water exposure pathway was not evaluated for a youth recreator. 

7.4.2.1.4 Adult Resident 

The theoretical LICRs for a future adult resident are summarized on Table 7-10. Exposures for a future 

adult resident included ingestion and dermal contact with surface soil, inhalation of particulates, and 

inhalation of COGs volatilized from subsurface soil into outdoor air for each HHREA. Ingestion and 

dermal contact with groundwater was evaluated for an adult resident on a site-wide basis. Other 

inhalation exposure pathways considered for this receptor included inhalation of vapors emitted from 

l 
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subsurface soils and groundwater into building air (indoor air} and inhalation of vapors emitted from 

groundwater into outdoor air. The LICRs for the soil exposure pathways in each HHREA, the LICRs for 

the inhalation pathway/indoor air, and the LICRs for the groundwater exposure pathways are summarized 

as follows: 

Soil Exposure Pathways: The cumulative LICRs from ingestion and dermal contact with surface soil, 

inhalation of particulates, and inhalation of COGs into outdoor air were within USEPA's acceptable target 

risk range of 1 E-06 and 1 E-04 in the following HHREAs; 

• Coal Handling/Coke Making Area (2.5E-05}; and 

• Murphy Consolidated Leased Parcel (South} (2.3E-05}. 

HHREAs in which the LICRs from exposure to soils were above USEPA's acceptable target risk range 

included the: 

• Former Allied Oil AST Area (2.8E-04}; 

• Byproducts Area (3.9E-02}; 

• Provenzano Trucking Leased Parcel (1.02E-04}; 

• Former Murphy Construction Leased Parcel (1.3E-04}; 

• COG Drip Leg Area (1.03E-04}; 

• Raw Materials Storage Area (1.7E-03}; and 

• Sinter Plant Ore Yard (2.7E-04}. 

At each HHREA listed above, where the acceptable risk range was exceeded, the risks were driven 

primarily from exposures to PAHs in surface soil. These PAHs contributed more than 90% of the 

increased risk in each HHREA. 

Inhalation Exposure Pathway/Indoor Air: The cancer risks for an adult resident from COGs volatilized 

from subsurface soil and groundwater into indoor air were 3.8E-02 and 5.3E-04, respectively. The risk to 

an adult resident from inhalation of COGs emitted from subsurface soil and groundwater into indoor air 

exceeds USEPA's acceptable range for evaluating risk. The indoor air modeling used the soils data from 

the Byproducts Area, a location where the concentrations of the COGs in soils were elevated with respect 

to other soils at the Facility. Therefore, the results of the air modeling were conservative (i.e., 

representing "worst case" soil conditions}. 
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Groundwater Exposure Pathways: The LICRs for an adult resident from ingestion and dermal contact 

with groundwater were 2.2E-02 and 2.7E-02, respectively. The calculated LICR for inhalation due to 

showering was 2.5E-02. LICRs from direct contact with groundwater exceed USEPA's acceptable risk 

range for an adult resident (1 E-04 to 1 E-06). The LICR for an adult resident from inhalation of vapors 

emitted from groundwater into outdoor air was 4.8E-07, below USEPA's acceptable range for evaluating 

risk. 

7.4.2.1.5 Child Resident 

The theoretical LICRs for a future child resident are summarized on Table 7-10. Exposures for a future 

child resident included ingestion and dermal contact with surface soil, inhalation of particulates, and 

inhalation of COCs volatilized from subsurface soil into outdoor air for each HHREA. Ingestion and 

dermal contact with groundwater was evaluated for a child resident on a site-wide basis. Other inhalation 

exposure pathways considered for this receptor included inhalation of vapors emitted from subsurface 

soils and groundwater into building air (indoor air) and inhalation of vapors emitted from groundwater into 

outdoor air. The LICRs for the soil exposure pathways in each HHREA, the LICRs for the inhalation 

pathway/indoor air, and the LICRs for the groundwater exposure pathways are summarized as follows: 

Soil Exposure Pathways: The cumulative LICRs from ingestion and dermal contact with surface soil, 

inhalation of particulates, and inhalation of COCs into outdoor air were within USEPA's acceptable target 

risk range of 1 E-06 and 1 E-04 in the following HHREAs; 

• Coal Handling/Coke Making Area (B.BE-05); and 

• Murphy Consolidated Leased Parcel (South) (3.7E-05). 

HHREAs in which the LICRs from exposure to soils were above USEPA's acceptable target risk range 

included the: 

• Former Allied Oil AST Area (4.7E-04); 

• Byproducts Area (2.2E-02); 

• Provenzano Trucking Leased Parcel (1.8E-04); 

• Former Murphy Construction Leased Parcel (2.1 E-04 ); 

• COG Drip Leg Area (1.8E-04); 

• Raw Materials Storage Area (2.9E-03); and 

• Sinter Plant Ore Yard (4.6E-04). 

•• 
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At each HHREA listed above, where the acceptable risk range was exceeded, the risks were driven 

primarily from exposures to PAHs in surface soil. These PAHs contributed more than 90% of the 

increased risk in each HHREA. 

Inhalation Exposure Pathway/Indoor Air: The cancer risks for a child resident from COCs volatilized from 

subsurface soil and groundwater into indoor air were 2.1 E-02 and 3.0E-04, respectively. The risk to a 

child resident from inhalation of COCs emitted from subsurface soil and groundwater into indoor air 

exceeds USEPA's acceptable range for evaluating risk. The indoor air modeling used the soils data from 

the Byproducts Area, a location where the concentrations of the COCs in soils were elevated with respect 

to other soils at the Facility. Therefore, the results of the air modeling were conservative 

(i.e., representing "worst case" soil conditions). 

Groundwater Exposure Pathways: The LICRs for a child resident from ingestion and dermal contact with 

groundwater were 1.0E-02 and 1.1 E-02, respectively. LICRs from direct contact with groundwater 

exceed USEPA's acceptable risk range for a child resident (1 E-04 to 1 E-06). The LICR for a child 

resident from inhalation of vapors emitted from groundwater into outdoor air was 2.7E-07, below 

USEPA's acceptable range for evaluating risk 

7.4.2.2 Non-Cancer Risks 

Non-cancer risks for soil exposure pathways were evaluated for each individual HHREA. These soil 

evaluations included ingestion and dermal contact with soil, inhalation of air-borne particulates and vapor 

emissions into outdoor air. Due to the migratory nature of groundwater, EPCs for each groundwater COC 

were calculated from the site-wide groundwater dataset. Therefore, the EPCs were assumed to be 

uniformly distributed across the Facility. Direct exposure to groundwater (i.e., incidental ingestion and 

dermal adsorption) was considered for a construction worker using this site-wide approach. Potential 

non-cancer risks from inhalation of COCs volatilized from groundwater into outdoor and indoor air were 

also evaluated on a site-wide basis. The results of the non-carcinogenic risk evaluation for each of the 

receptors selected for quantitative assessment (industrial workers, construction workers, youth recreators, 

adult residents, and child residents) are discussed in the following subsections. 

7 .4.2.2.1 Industrial Worker 

Exposures for the industrial worker included, ingestion and dermal contact with surface soil, inhalation of 

particulates, and inhalation of COCs volatilized from subsurface soil into outdoor air for each HHREA. 

Direct contact with groundwater was not a complete exposure pathway for an industrial worker and was 

therefore not evaluated. Other inhalation exposure pathways considered for this receptor included 
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inhalation of vapors emitted from subsurface soils and groundwater into building air (indoor air) and 

inhalation of vapors emitted from groundwater into outdoor air. As shown on Table 7-11, the HQs for the 

soil exposure pathways in each HHREA, the HQs for the inhalation pathway/indoor air, and the HQs for 

the inhalation exposure pathway/outdoor air (groundwater) are summarized as follows: 

Soil Exposure Pathways: The HQs from ingestion and dermal contact with surface soil, inhalation of 

particulates, and inhalation of COGs into outdoor air were below USEPA's acceptable level of 1.0 for the 

following HHREA: 

• Coal Handling/Coke Making Area (0.3). 

HHREAs where the HQ was greater than 1.0 included: 

• Former Allied Oil AST Area (1.7); 

• Byproducts Area (16); 

• Provenzano Trucking Leased Parcel (1.6); 

• Murphy Consolidated Leased Parcel (South) (1.9); 

• Former Murphy Construction Leased Parcel (North) (1.8); 

• COG Drip Leg Area (1.2); 

• Raw Materials Storage Area (1.3); and 

• Sinter Plant Ore Yard {1.1 ). 

The primary non-cancer risk driver for industrial workers in each area, contributing more than 75% of the 

non-cancer risk, was manganese and iron via the surface soil ingestion pathway. 

USEPA recognizes that adverse health effects from exposure to multiple chemicals may not be 

cumulative, therefore, when an HI exceeds 1.0, additional consideration may be given to the toxic 

endpoints (i.e., target organs or mechanism of action) for each COG. When toxic endpoints were 

evaluated, those chemicals affecting the central nervous system (CNS) generally contributed a larger 

percentage to the HI in each HHREA. These chemicals included manganese and aluminum. The HI for 

industrial workers in each HHREA was segregated for CNS effects as follows: 

i 
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0.8 

Following this segregation of the HI for CNS effects, the HI for industrial workers from exposure to surface 

soils was only exceeded in two HHREAs; Murphy Consolidated Leased Parcel (South) and Former 

Murphy Construction Leased Parcel (North). 

Inhalation Exposure Pathway/Indoor Air: The HQs for an onsite commercial worker from COCs volatilized 

from subsurface soil and groundwater into indoor air were 15 and 0.2, respectively. The non-cancer risk 

to an industrial worker from inhalation of COCs emitted from subsurface soils exceeds USEPA's 

acceptable level of 1.0 for evaluating non-cancer risk. The indoor air modeling used the soils data from 

the Byproducts Area, a location where the concentrations of the COCs in soils were elevated with respect 

to other soils at the Facility. Therefore, the results of the air modeling were conservative, 

i.e., representing "worst case" soil conditions. 

Inhalation Exposure Pathway/Outdoor Air (Groundwater): The non-cancer risk for an onsite commercial 

worker from inhalation of COCs volatilized from groundwater into outdoor air was <0.1, well below EPA's 

acceptable level of 1.0. 

7.4.2.2.2 Construction Worker 

Exposures for the construction worker included ingestion, dermal contact, and inhalation of particulates 

from surface and subsurface soil and inhalation of COCs volatilized from subsurface soil into outdoor air 

for each HHREA. Incidental ingestion and dermal contact with groundwater was evaluated for a 

construction worker on a site-wide basis. Other inhalation exposure pathways considered for this 

'. 
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receptor included inhalation of vapors emitted from groundwater into outdoor air. As shown on 

Table 7-11, the HQs for the soil exposure pathways in each HHREA and the HQs for the groundwater 

exposure pathways (ingestion, dermal contact and inhalation/outdoor air) are summarized as follows: 

Soil Exposure Pathways: The HQs from ingestion and dermal contact with surface soil, inhalation of 

particulates and inhalation of COCs into outdoor air were below EPA's acceptable level of 1.0 include the 

following HHREAs: 

• Former Allied Oil AST Area (1.73 surface soil, 0.94 subsurface soil, 2.7 total); 

• Byproducts Area (0.77 surface soil, 1.38 subsurface soil, 2.1 total); 

• Coal Handling/Coke Making Area (1.3 surface soil, 1.8 subsurface soil, 2.1 total); 

• Provenzano Trucking Leased Parcel (1.6 surface soil, 0.5 subsurface soil, 2.1 total); 

• Murphy Consolidated Leased Parcel (South} (1.8 surface soil, 2.1 subsurface soil, 3.9 total); 

• Former Murphy Construction Leased Parcel (North} (1.8 surface soil, subsurface less than 0.01, 

total 1.8); 

• COG Drip Leg Area (1.2 surface soil, 0.8 subsurface soil, 2.0 total); 

• Raw Materials Storage Area (1.3 surface soil, subsurface not evaluated}; and 

• Sinter Plant Ore Yard (1.1 surface soil, subsurface not evaluated). 

The primary driver for each area, contributing more than 75% of the non-cancer risk, was manganese and 

iron via the soil ingestion pathway. In the Byproducts Area, the HI of 0.5 in subsurface soil was driven 

from exposures to benzene via inhalation of soil particulates from subsurface soil. 

Similar to the industrial worker scenario, additional consideration was given to the toxic endpoints 

(i.e., target organs or mechanism of action) for each COC. When toxic endpoints were evaluated, 

chemicals affecting the CNS generally contributed a larger percentage to the HI in each HHREA. These 

chemicals included manganese, aluminum, toluene, and xylene. The HI for construction workers in each 

HHREA was segregated for CNS effects as follows: 
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All other effects 

Following this segregation of the HI for CNS effects, the HI for a construction worker from exposure to 

surface soils was exceeded in only six of the HHREAs; former Allied Oil AST Area, Byproducts Area, Coal 

Handling/Coke Making Area, Provenzano Trucking Leased Parcel (South), Murphy Consolidated Leased 

Parcel (South} and COG Drip Leg Area. 

Groundwater Exposure Pathways: The HQs for a construction worker from ingestion and dermal contact 

with groundwater were 30 and 47, respectively. The HI for direct contact with groundwater exceeds 

EPA's acceptable level of 1 for a construction worker. The HQ for a construction worker from inhalation 

of vapors emitted from groundwater into outdoor air was <0.1, below EPA's acceptable level of 1.0 for 

evaluating non-cancer risk. 

7.4.2.2.3 Youth Recreator 

As shown in Table 7-11, non-cancer cancer risks (0.5) were calculated to be below USEPA's acceptable 

level of 1.0 for an adolescent recreational user. Exposures for the recreational user included ingestion 

and dermal contact with COCs in sediments in Mahan's Run. USEPA has not published an oral RfD for 

ammonia, the only COC identified for surface water. Therefore, ammonia in surface water was not 

quantitatively evaluated in the HHRA. 

7.4.2.2.4 Adult Resident 

The HQs for a future adult resident are summarized on Table 7-10. Exposures for a future adult resident 

, - included, ingestion and dermal contact with surface soil, inhalation of particulates, and inhalation of COCs 

volatilized from subsurface soil into outdoor air for each HHREA. Ingestion and dermal contact with 
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groundwater was evaluated for an adult resident on a site-wide basis. Other inhalation exposure 

pathways considered for this receptor included inhalation of vapors emitted from subsurface soils and 

groundwater into building air (indoor air) and inhalation of vapors emitted from groundwater into outdoor 

air. The HQs for the soil exposure pathways in each HHREA, the HQs for the inhalation pathway/indoor 

air, and the HQs for the groundwater exposure pathways are summarized as follows: 

Soil Exposure Pathways: As shown on Table 7-11, the HQs from ingestion and dermal contact with 

surface soil, inhalation of particulates, and inhalation of COCs into outdoor air were calculated to be 

acceptable for the Adult Resident at the Coal Handling/Coke Making Area (0.8). All other HHREAs were 

found to have an HI greater than 1.0 as follows; 

• Former Allied Oil AST Area (4.3); 

• Byproducts Area (483.2); 

• Provenzano Trucking Leased Parcel (4.1 ); 

• Murphy Consolidated Leased Parcel (South) (5.0); 

• Former Murphy Construction Leased Parcel (North) (4.3); 

• COG Drip Leg Area (3.0); 

• Raw Materials Storage Area (3.1 ); and 

• Sinter Plant Ore Yard (2.8). 

The primary driver for each area, contributing more than 75% of the non-cancer risk, was manganese and 

iron via the soil ingestion pathway, followed by thallium and vanadium. 

Inhalation Exposure Pathway/Indoor Air: The non-cancer risks for an adult resident from COGs volatilized 

from subsur:face soil and groundwater into indoor air were 481.9 and 6.7, respectively. The non-cancer 

risk to an adult resident from inhalation of COCs emitted from subsurface soil and groundwater into 

indoor air exceeds USEPA's acceptable level for evaluating non-cancer risk. The indoor air modeling 

used the soils data from the Byproducts Area, a location where the concentrations of the COCs in soils 

were elevated with respect to other soils at the Facility. Therefore, the results of the air modeling were 

conservative (i.e., representing "worst case" soil conditions). 

Groundwater Exposure Pathways: The HQs for an adult resident from ingestion and dermal contact with 

groundwater were 236 and 21.4, respectively. The calculated HQ for inhalation due to showering was 

248. HQs from direct contact with groundwater exceed USEPA's acceptable level of 1.0 for an adult 

resident. The HQ for an adult resident from inhalation of vapors emitted from groundwater into outdoor 

air was <0.1, below USEPA's acceptable level for evaluating non-cancer risk. 
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The HQs for a future child resident are summarized on Table 7-10. Exposures for a future child resident 

included, ingestion and dermal contact with surface soil, inhalation of particulates, and inhalation of COGs 

volatilized from subsurface soil into outdoor air for each HHREA. Ingestion and dermal contact with 

groundwater was evaluated for an adult resident on a site-wide basis. Other inhalation exposure 

pathways considered for this receptor included inhalation of vapors emitted from subsurface soils and 

groundwater into building air (indoor air) and inhalation of vapors emitted from groundwater into outdoor 

air. The HQs for the soil exposure pathways in each HHREA, the HQs for the inhalation pathway/indoor 

air, and the HQs for the groundwater exposure pathways are summarized as follows: 

Soil Exposure Pathways: As shown on Table 7-11, the His for the Child Resident exceeded 1.0 in all 

HHREAs as follows: 

• Former Allied Oil AST Area (38.2); 

• Byproducts Area (1,095.6); 

• Coal Handling/Coke Making Area (7.9); 

• Provenzano Trucking Leased Parcel (36.4); 

• Murphy Consolidated Leased Parcel (South) (45.7); 

• Former Murphy Construction Leased Parcel (North) (38.6}; 

• COG Drip Leg Area (27 .1 ); 

• Raw Materials Storage Area (27); and 

• Sinter Plant Ore Yard (24.9} . 

The primary driver for each area, contributing more than 75% of the non-cancer risk, was manganese and 

iron via the soil ingestion pathway, followed by thallium and vanadium. 

Inhalation Exposure Pathway/Indoor Air: The non-cancer risks for a child resident from COGs volatilized 

from subsurface soil and groundwater into indoor air were 1083.7 and 15, respectively. The non-cancer 

risk to a child resident from inhalation of COGs emitted from subsurface soil and groundwater into indoor 

air exceeds USEPA's acceptable level for evaluating non-cancer risk. The indoor air modeling used the 

soils data from the Byproducts Area, a location where the concentrations of the COGs in soils were 

elevated with respect to other soils at the Facility. Therefore, the results of the air modeling were 

conservative (i.e., representing "worst case" soil conditions). 
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Groundwater Exposure Pathways: The HQs for a child resident from ingestion and dermal contact with 

groundwater were 46.1 and 550.7, respectively. HQs from direct contact with groundwater exceed 

USEPA's acceptable level of 1.0 for a child resident. The HQ for a child resident from inhalation of 

vapors emitted from groundwater into outdoor air was <0.1, below US EPA's acceptable level for 

evaluating non-cancer risk. 

7.5 UNCERTAINTY ANALYSIS 

Uncertainties are inherent in every quantitative risk assessment. Site-specific factors were included and 

used, as applicable, to decrease uncertainty. Worst-case assumptions and default values were used in 

conformance with USEPA guidance and tend to result in conservative human health risk assessments. 

This conservatism was intentionally included in order to bias the assessment toward the protection of 

human health. 

USEPA guidance {USEPA, 1989) stresses the importance of providing a complete analysis of 

uncertainties so that risk management decisions take these uncertainties into account when evaluating 

risk assessment conclusions. The uncertainty analysis provides a context for better understanding the 

assessment conclusions by identifying the uncertainties that have most significantly affected the 

assessment results. Therefore, sources of uncertainty in the hazard identification, exposure assessment, 

and toxicity assessment were identified and qualitatively evaluated. 

7.5.1 CHEMICAL CONCENTRATION TERMS 

Maximum concentrations or upper 95% confidence limits {UCLs) were used throughout the risk 

assessment. Sampling and analysis at the Facility has been biased toward characterization of source 

areas. Actual exposures are more likely to occur at lower concentrations since the exposure areas are 

likely to be much larger than the individual sources considered. The use of maximum observed source 

area concentrations or UCLs most likely results in overestimates of human health risks. 

7.5.2 CHEMICALS REPORTED AS NON-DETECTS 

Selected SVOCs and VOCs were reported as non-detects in the laboratory analytical reports in various 

Facility media. However, due to matrix interference or sample dilution, the detection limits were above 

applicable screening criteria. To compensate for these elevated detection limits, further screening of 

these non-detected SVOCs and VOCs was undertaken. If any of the non-detected chemicals were 

identified in more than one sample in any other media sampled at the Facility, the non-detected 
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chemicals were included as chemicals of concern for further quantitative evaluation. The use of these 

non-detected chemicals likely overestimated the human health risks and/or adverse health effects for the 

Facility. 

7.5.3 TOXICITY INFORMATION 

Toxicity information is seldom based on actual human data. Extrapolation of animal data to humans and 

the extrapolation of effects observed at high doses to low doses results in substantial uncertainty. 

Uncertainties in toxicity information are routinely addressed by the USEPA via the use of 95th percentile 

estimates for cancer slope factors and through the use of uncertainty factors and modifying factors for 

References Doses. USEPA toxicity values are designed to err on the conservative side. Hence, 

carcinogenic and non-carcinogenic risks are likely overestimated based on the toxicity information alone. 

7.5.4 EXPOSURE INPUT PARAMETERS 

Some uncertainty also exists with respect to the selection of receptor characteristics (e.g., body weight) 

and exposure input parameters (soil ingestion rates, inhalation rates, etc.). Such input parameters are 

generally based on population data that encompass a broad range of values. Input parameters used for 

the exposure assessment are typically at least the 50th percentile and are more routinely the 90th 

percentile or greater. Hence, the exposure input parameters most likely result in overestimation of risks. 

7.5.5 LIMITATIONS OF THE JOHNSON & ETTINGER MODEL FOR EVALUATION OF VAPOR 

INTRUSION 

The J&E Model was developed to assess the potential inhalation risks associated with exposure to indoor 

air under a residential building construction scenario and may not be well-suited for assessing potential 

risks under a commercial/industrial building construction scenario. The model also has a number of 

conservative assumptions built into the equations such as lack of adjustments to chemical concentrations 

due to transformation processes (i.e., biodegradation or hydrolysis) and the entire building is treated as a 

single chamber with instantaneous and homogeneous vapor dispersion. The J&E Model therefore 

neglects contaminant sinks and the room-to-room variation in vapor concentration due to unbalanced 

mechanical and/or natural ventilation. These conservative model assumptions and model design may 

therefore overestimate inhalation risk under a commercial/industrial exposure scenario. 

The J&E Model, with its assumptions, is an efficient tool for screening the potential for inhalation risks 

from vapor transport into building spaces such as a basement of a residential structure. The physical 

designs of the structures located on the Facility differ significantly from those assumptions used in the I I. 
I • 
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development of the J&E Model. These uncertainties affect the decision making process when utilizing the 

output obtained from the model. These uncertainties exist even when adjustments are made to the 

model inputs, where possible. 

7.6 SUMMARY AND CONCLUSIONS 

A baseline human health risk assessment was completed for the surface soils, subsurface soils, 

groundwater, surface water, sediment, and ambient air at the Facility. Current, projected, and 

hypothetical future land use conditions were assessed and a variety of receptors, including industrial 

workers, future construction workers, adolescent recreational users, and future residents (for screening 

purposes only) were considered. Potential exposures via incidental ingestion of soil, direct dermal 

contact with soil, inhalation of fugitive dust, inhalation of volatile emissions from soils, incidental ingestion 

of groundwater, direct contact with groundwater, and inhalation of volatile emissions from groundwater 

were considered. Risk estimates were generated both on an area-wide basis (i.e., groundwater and 

ambient air) and on a sub-area-specific (HHREA) basis. Reasonable Maximum Exposure (RME) 

scenarios were addressed. Either maximum observed concentrations or 95% UCLs (based on 

goodness-of-fit testing) were used as exposure point concentrations for the RME scenario. USEPA 

equations for exposure assessment and risk characterization were employed and conservative default 

values were almost exclusively used as input parameters. Toxicity information from various USEPA 

sources was employed for the purposes of risk characterization. Route-to-route extrapolation was used 

to determine toxicity values for the dermal contact pathway. 

As a result of the baseline risk assessment, it has been determined that the Hazard Index and cancer 

risks for hypothetical future residents exceed appropriate benchmarks (i.e., 1.0 and 1 E-4) for a variety of 

exposure pathways. However, the Facility is currently used for industrial purposes and will continue to be 

for the foreseeable future. The residential land use scenario was evaluated in the HHRA for screening 

purposes only and will not be used for remedial decision-making. 

Cancer risks related to industrial worker exposure to surface soil in the former Allied Oil AST Area, 

Byproducts Area, Raw Materials Storage Yard, and Sinter Plant Ore Yard exceed appropriate 

benchmarks. These risks are driven primarily by PAHs in surface soil. The Hazard Index (accounting 

non-cumulative effects) for industrial worker exposure to surface soil in Murphy Consolidated and Murphy 

Construction Leased Properties was 1.1, marginally exceeding the benchmark of 1.0. The adjusted 

Hazard Indices for all of the other areas of the Facility were below 1.0. Constituents driving the Hazard 

Index calculations primarily included iron and manganese. These constituents are not necessarily related 

to Facility operations and are likely contained within the slag fill materials that have been placed across 

the Facility and surrounding areas within the Ohio River valley. 

I 
'"" 
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Both cancer and noncancer risks exceeding appropriate benchmarks were identified for construction 

worker exposure to subsurface soil and groundwater during future on-site excavations. Free product was 

also identified in the subsurface in several areas of the Facility. Risks related to exposure to 

contaminated soil and free product in the subsurface can be minimized by implementing appropriate 

institutional and engineering controls (health and safety procedures during excavation). 

Both cancer and noncancer risks exceeding appropriate benchmarks were identified for industrial worker 

exposure to indoor air via the vapor intrusion pathway. These risks were calculated using the highest 

concentrations of VOCs detected in subsurface soil and a hypothetical occupied building. Further 

assessment is warranted to determine whether risks related to vapor intrusion actually exist at the Facility. 

Finally, no unacceptable risks were identified related to exposure to surface water and sediment in 

Mahan's Run. 

1.7.· 
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The ecological risk assessment {ERA) described in this section consists of a screening level ecological 

risk assessment {SLERA) for WPSC Facility. The SLERA uses the site characterization data that were 

collected during the RFI to assess potential risks to ecological receptors that may be exposed to Facility

related constituents in the surface soil, groundwater, surface water, and sediment at and near the Facility. 

The SLERA evaluation is considered representative of current Facility conditions and reasonably 

anticipated future conditions. The SLERA presented herein was conducted in a manner consistent with 

appropriate USEPA ecological risk assessment {ERA) guidance {e.g., USEPA 1997d, USEPA 1998, 

USEPA 2001b) and includes the following steps: 

• Step 1: Screening-level Problem Formulation and Ecological Effects Evaluation; and 

• Step 2: Screening-level Preliminary Exposure Estimate and Risk Calculation. 

These steps are the initial components of the USEPA Eight-Step ERA process and comprise the SLERA. 

The Problem Formulation provides background information and the environmental setting at the Facility, 

identifies potential sources and the chemicals of interest {COis), describes the fate and transport of the 

COis, describes the likely categories of receptors that could be affected, identifies potential ecological 

receptors and potentially complete exposure pathways, and identifies the assessment endpoints. The 

screening-level Ecological Effects Evaluation establishes contaminant exposure levels that represent 

conservative thresholds for adverse ecological effects. The toxicity profile provides the dose or 

environmental concentration that causes a specified adverse effect. This evaluation attempts to develop 

a screening ecotoxicity value for each complete exposure pathway, route and contaminant. An 

uncertainty assessment is provided to determine the level of uncertainty associated with information 

taken from the literature review and any extrapolation used in developing a screening ecotoxicity value. 

The Preliminary Exposure Estimate and Risk Calculation estimates risk by comparing the maximum 

exposure concentrations documented at the Facility with the ecotoxicity screening values developed for 

the complete exposure pathways identified in Step 1. A quantitative screening-level risk was estimated 

using the hazard quotient approach that compares screening ecotoxicity values and exposure values. 

The ecological screening values used were based on Ecological Screening Level {ESLs) provide by 

USEPA Region Ill or other appropriate No-Observed-Adverse-Effect-Levels {NOAELs) obtained from 

published sources. Multiple contaminants were identified at the Facility and a Hazard Index {HI) was 

developed for each exposure pathway. The HI is th~ sum of the Hazard Quotient {HQ) values and an HQ 
l; 
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or HI less than one indicates that the individual contaminant or group of contaminants is unlikely to cause 

adverse ecological effects (USEPA 1997d). The Hazard Quotient approach was used to indicate which, if 

any, contaminants and exposure pathways might pose ecological risks. 

The screening-level risk calculation concludes Step 2 and is followed by a Scientific/Management 

Decision Point (SMDP). The ERA process uses a series of clearly defined SMDPs to determine if the 

proposed actions will protect the ecology of the environment in the study area (USEPA 1997d, USEPA 

2000). The SMDPs represent critical steps in the process where ecological risk management decision

making occurs. Generally, the following types of decisions are considered at the SMDPs: 

• Whether the available information is adequate to conclude that ecological risks are negligible 

and, therefore, there is no need for any further action on the basis of ecological risk; 

• Whether the available information is not adequate to make a decision at this point, and the 

ecological risk assessment process will continue; or 

• Whether the available information indicates a potential for adverse ecological effects, and a 

more thorough assessment or remediation is warranted. 

The purpose of a SLERA is to either indicate that there is a high probability that there are no ecologically 

significant risks for ecological receptors, or to indicate the need for additional consideration (USEPA 

1997d, USEPA 2000). Additional consideration may include additional chemical investigation, 

reevaluation of the SLERA, remedial action for reasons other than ecological risks, or a Baseline 

Ecological Risk Assessment (SERA), in which case the information developed in the SLERA is used to 

help focus the SERA. A SERA (Step 3 through Step 8) is more complex than a SLERA and typically 

incorporates more realistic ecological receptor exposure information. Only those ecological receptors and 

constituents identified with potential risks in the SLERA are carried forward in a BERA. 

8.2 SCREENING-LEVEL PROBLEM FORMULATION AND ECOLOGICAL EFFECTS 

EVALUATION 

Step 1 of the SLERA involves the screening-level problem formulation and ecological effects evaluation. 

Step 1 is presented in Section 8.2.1 (screening-level problem formulation) and Section 8.3 (screening 

level effects evaluation). 
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The overall purpose of the screening-level problem formulation is to describe the environmental setting at 

the Facility and adjacent lands, and to provide a preliminary evaluation of ecological exposure pathways 

and assessment endpoints. The screening-level problem formulation serves to define the reasons for the 

SLERA and the methods for characterizing and analyzing risks (USEPA 1998}. Information pertaining to 

site characterization, potential receptors, and ecosystem characteristics is vital to the problem 

formulation, as is information on the sources and effects of the stressors (USEPA 1998). The screening

level problem formulation provides information used to establish the overall goals, breadth, and focus of 

an ERA (USEPA 1997d, USEPA 1998}. Once these are established, the problem formulation is used to 

develop a conceptual model for the ERA. 

The screening-level problem formulation produces two outputs: 1) assessment endpoints that reflect the 

management and ecosystem attributes the endpoints are meant to protect; and 2) a conceptual site 

model (CSM) that describes the relationships between stressors and the assessment endpoints. The 

remainder of this section presents the following components of the screening-level problem formulation 

for the Facility: 

• Ecological Setting; 

• Identification of Constituents Detected; 

• Description of Constituent Fate and Transport Pathways; 

• Description of Constituent Mechanisms of Ecotoxicity; 

• Description of Potentially Exposed Receptors; 

• Identification of Potentially Complete Exposure Pathways and the Conceptual Site Model; 

and 

• Identification of Generic Assessment and Measurement Endpoints. 

8.2.2 ECOLOGICAL SETTING 

The characterization of the ecological setting is based on an office review of existing reports and maps, 

communication with appropriate federal and state agencies, and a site visiUfield survey. The field survey 

was conducted by environmental biologists from CEC in late June and early July 2005. 

The Facility is an active industrial property located adjacent to Route 2 in Cross Creek Township, West 

Virginia (Figure 2-1 ). The Facility consists of 602 acres of land, including 210 acres west of Route 2 

(Plant Area) and 392 acres east of Route 2 (Hillside Area). The WPSC boundaries are shown on 

Figure 2-2. The Facility is located on the left descending bank of the Ohio River and is roughly bound by 

.. 
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undeveloped land to the north and northeast, reclaiming surface coal mines and woodland to the east, 

urban, commercial and residential land to the southeast, the Wheeling-Nisshin Plant to the south, and the 

Ohio River and Koppers plant to the west. 

The Facility location, history and operation, and surrounding land use are described in Section 2.0 of this 

report. The environmental setting is described in Section 3.0. Major findings of these are studies that 

pertain to the ecological screening are summarized in this section. 

Coking operations and coke byproduct production have been performed at the Facility from roughly 1917 

to the present. Current operations performed at the facility include the production of metallurgical-grade 

coke for use in steel production, the processing of coke-oven gas in the Byproducts Plant, and related 

operations. Historical operations have included the recovery of iron from various residues and ore in the 

Sinter Plant. Various parcels were leased to different entities in the past, including the northern portion of 

the Plant Area to Allied Oil for the storage and distribution of No. 6 fuel oil and two parcels along the 

eastern side of Route 2 to Murphy Construction Inc. and PGT Trucking, Inc. Currently, Provenzano 

Trucking and Murphy Consolidated Industries lease sites from WPSC in the Plant Area. 

Regional hydrogeology is discussed in Section 3.3, and site soils, geology, and aquifer characteristics 

area discussed in Section 3.4. Slag and other industrial fill materials have been placed historically across 

much of the Plant Area to raise the ground surface above the 1 00-year flood plain prior to site 

development in the early 1900s. Slag, soil, and various waste materials were also placed in the Hillside 

Fill Area on the hillside east of Route 2. Groundwater is present beneath most of the Plant Area in two 

distinct groundwater zones: 1) perched groundwater that rests at the base of the original silty clay flood 

plain surface at the base of the slag/industrial fill materials; and 2) the underlying "alluvial aquifer'' that is 

separated from the perched zone by a thick silty clay aquitard and is comprised of sand and gravel 

glaciofluvial deposits that are pervasive in the Ohio River valley. The perched groundwater is relatively 

isolated within low-lying depressions within the Facility boundary while the alluvial aquifer is hydraulically 

connected and discharges to the Ohio River. The uppermost groundwater beneath the Hillside Area 

consists of perched groundwater at the soil/bedrock interface. This perched groundwater likely 

discharges directly to Mahan's Run. A more detailed description of the groundwater conditions at the 

Facility is presented in Section 3.4. 

Industrial, commercial, and residential land use practices have altered on-site terrestrial, aquatic, and 

wetland wildlife habitat. Ten general habitat types were identified during the site reconnaissance in June 

and July 2005. The main habitat types identified were: 1) upland forest; 2) upland forest/scrub-shrub; 

3) riparian forests; 4) upland scrub-shrub; 5) mixed upland scrub-shrub/old field; 6) early successional 

herbaceous open-field habitat; 7) urban land (including industrial areas, storage areas and railroad rights-
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of-way); 8) residential landscape areas; 9) waterways and other surface waters; and 10) wetlands. The 

approximate location and extent of on-site habitats are shown in Figure 8-1 and are summarized in 

Table 8-1. Flora and fauna identified during the site reconnaissance are listed in Tables 8-2 and 8-3, 

respectively. Qualitative observations of the benthic macroinvertebrate communities in two tributaries to 

the Ohio River are summarized in Table 8-4. 

The Facility was divided into two areas for the SLERA: the Plant Area and the Hillside Area. The 

physical characteristics and ecological habitats of the Plant Area and Hillside Area are described below. 

Additional information regarding the ecological setting is provided in the Checklist for Ecological 

Assessment/Sampling (USEPA 1997d) that were prepared for the Plant Area and Hillside Area which are 

presented in Appendix U. 

8.2.2.1 Plant Area 

The Plant Area consists of 210 acres and includes all land located between the Ohio River and Route 2 

(see Figure ES-1 in Appendix U). Facility elevations range from approximately 644 famsl at the Ohio 

River in the west to approximately 7 40 famsl along Route 2 in the southeast. The Plant Area is mainly 

located on the floodplain terrace of the Ohio River and consists of slag and other industrial fill material 

placed over alluvial and colluvial soils to form level land for construction of the facilities and railways. The 

USDA Soil Conservation Service classified the soils as Made Land (Ma) as shown on Figure ERS-2 in 

Appendix U. The Plant Area contains the majority of the SWMUs as described in Section 4.1 of this 

report. 

Industrialized urban land covers the majority of the Plant Area (Allied Oil Area, Byproducts Area, Coal and 

Coke handling/processing areas, Sinter Plant Ore Storage Area and Raw Materials Storage Area). 

These areas provide a limited amount of low quality terrestrial habitat characterized by patchy vegetative 

cover dominated by pioneer native and alien tree saplings, shrubs, and herbaceous plants. The north 

end of the Plant Area near Mahan's Run, the south end near Alleghany Steel Run, the BOF Residuals 

and Plant Debris Areas, and the Ohio River banks and shoreline contain naturalized areas featuring plant 

communities in various stages of recovery from previous impacts. A riparian complex of riverbank and 

riparian floodplain forest exists along the Ohio River and the mouths of Mahan's Run and Alleghany Steel 

Run. Disturbed woodlands consisting of forest/scrub-shrub and scrub-shrub/old-field plant community 

cover a portion of the northern Plant Area, the hillside east of the wastewater treatment plant, the BOF 

Residual/Plant Debris Area, roadside areas, and fence lines. These plant communities provide a mosaic 

of low to moderate quality terrestrial wildlife habitat for a variety of a common wading birds, songbirds, 

[.-·--
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birds, birds-of-prey, and mammals including eastern cottontail rabbit (Siyvilagus f/oridanus) and white

tailed deer (Odocoi/eus virginianus). Mallard ducks (Anas platyrhynchos) were observed in the Ohio 

River and other waterfowl are expected to be resident or transient users of the river near the Facility. 

The topography and surface drainage features of the Facility are described in Section 3.2 and rivers, 

streams, potential wetland areas, and other surface waters observed within the Plant Area and Hillside 

Area are shown on Figure 8-1. Three waterways are located within the Plant Area. The Ohio River is a 

major river and forms the western Facility boundary. The Facility extends from approximate river mile 

68.6 near the confluence of Mahan's Run in the north to approximate river mile 70.2 in the south. 

Mahan's Run is a second-order perennial stream that transverses the Hillside Area and is discharged to a 

culvert beneath Route 2. This culvert discharges to the northern portion of the Plant Area and 

transverses the Facility approximately 300 feet along the northern boundary to its confluence with the 

Ohio River. Mahan's Run is described in detail in the ecological setting discussion for the Hillside Area. 

Alleghany Steel Run is a first-order perennial stream that transverses the southern portion of the Facility 

from east to west and forms the boundary between the Raw Materials storage area and the southernmost 

portion of the Plant Area. In addition, one drainage channel enters the central portion of the Plant Area 

from the east. This swale is located between the Plant Debris Area and the former Ash Screening Area, 

carries stormwater collected from and adjacent to Route 2, and diverts it to the underground storm sewer 

that traverses the Plant Area and discharges to the Ohio River under NPDES Permit No. WV0023281. 

This swale contributes to ponded water conditions in a depression in the former Ash Screening Area. 

Pollution-tolerant fish were present in Alleghany Steel Run but no fish were observed in the on-site 

portion of Mahan's Run. A diverse fish community is reportedly present within the Ohio River (Sargent 

1993). 

The U.S. Fish and Wildlife service National Wetland Inventory (NWI) map prepared for the site vicinity 

was reviewed to identify potential wetland areas and other waterbodies that could be present at the 

Facility. Review of the NWI map revealed that the Ohio River is identified as a lower perennial riverine 

wetland system with a permanent hydroperiod. No other wetlands or deep water habitats were identified 

on the NWI map within or adjacent to the Facility. A copy of the NWI map is presented in Appendix U. 

The site reconnaissance included a visual survey to identify lakes, ponds, potential wetland areas, and 

other waterbodies within the Facility. No other lakes, ponds or artificial waterbodies were observed within 

the Plant Area. One potential wetland area was observed in the floodplain terrace on the left descending 

bank of Alleghany Steel Run. This palustrine emergent wetland is located in an undeveloped area of the 

WPSC property. Ponded water located within the former Ash Screening Area was not considered a 

potential jurisdictional wetland, but the area does provide shallow surface water for ecological receptors. 

i . 
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The ephemeral swale located in the Plant Debris Area contributes to hydrologic conditions in this 

depression. Other potential wetland areas may be present along the shoreline of the Ohio River, but the 

riverbanks generally consisted of steep-sloping made land formed by end-dumping slag and other non

soil materials to form level land inside the Facility. No wetlands were observed along the Ohio River 

shoreline during the site reconnaissance. Drainage ditches are located along the railroad right-of-way 

and they generally drain to the south. Most stormwater runoff from developed land is captured in the 

storm sewer system for treatment at the on-site wastewater treatment plant. 

8.2.2.2 Hillside Area 

The Hillside Area primarily consists of 392 acres of forested and open land located east of Route 2 and 

extends from Archer Hill Road in the north to the Follansbee city limits in the south. Mahan's Run and 

Mahan's Lane bisect the southern portion of the Hillside Area. Facility elevations range from 

approximately 660 famsl at Mahan's Run in the northwest to approximately 1020 famsl on the eastern 

ridgetop. A portion of the Hillside Area was historically used for the disposal of slag, coal tar derivatives 

and other plant materials {Hillside Fill Area). The Hillside Fill Area was identified as a single SWMU in the 

RFI Workplan. Fencing has been placed around two tar wicking areas within the Hillside Fill Area to limit 

access to trespassers. 

The Hillside Area contains two distinct topographic zones: level land adjacent to Route 2 and a steep 

sloping hillside to the east and south. Filling and grading operations formed the level area located 

between Route 2 and Mahan's Run. This area contains employee parking areas, the closed Sludge 

Drying Beds area, commercial outparcels, and land formerly leased to PGT Trucking and Murphy 

Construction. This portion of the Facility consists of urban land with scrub-shrub and old-field habitat 

along roadways, fence lines and wayside areas. The grading activities along Route 2 relocated Mahan's 

Run to the east and formed a steep ravine with reforested woodlands on the left-descending bank of the 

stream and a relatively mature mixed mesophytic forest on the right bank and lower slopes of the hill. 

The remainder of the Hillside Area consists of a steep sloping hill on the west face of the ridge on the left

descending bank of the Ohio River valley. An upland broad-leaf deciduous forest dominates the majority 

of the Hillside Area. However, a large area in the north-central portion of the Facility was used for the 

placement of excess soil/rock generated during a recent Route 2 highway improvement project. Large 

portions of the Hillside Area were reportedly not used for industrial/commercial purposes (undisturbed) 

and were not the focus of the site reconnaissance. The site reconnaissance was focused on the Hillside 

Fill Area downgradient areas including Mahan's Run and contributory drainage swales. The woodlands 

at the ridgetop east of the highway construction soil/rock fill area and the area south of Mahan's Lane 
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were given a cursory investigation to determine the general conditions of the habitat in these areas. 

Information collected during the site reconnaissance was· supplemented by the review of aerial 

photography to produce the Habitat Map in these areas. 

The majority of the Hillside Area was covered by a relatively mature deciduous forest that consists of a 

tulip tree- beech- maple forest (Fike 1999) at higher elevations, a mixed mesophytic forest (Fike 1999) 

on the lower slopes of the hillside, and a riparian forest along portions of Mahan's Run. The woodlands 

provide a large tract of moderate quality terrestrial habitat used by American toad (Bufo americanus), box 

turtle (Terrepene carolina carolina), wild turkey (Me/eagris gal/opavo), and a variety of songbirds, small 

mammals, and white-tailed deer (Odocoileus virginianus). The highway construction soil/rock fill area 

consists of a steep slope and level hilltop area that was reportedly formed and graded within the last two 

or three years. A grass and legume seed mixture was used to vegetate the area and it consists of an 

open field covered with early successional herbaceous vegetation. This area attracts small mammals, 

birds-of-prey and open field birds such as northern rough-winded swallow (Stelgidoteryx ruficollis), horned 

lark (Eremophila alpestris), and field sparrow (Spizella pusilla). The Hillside Fill Area consists of a mosaic 

of scrub-shrub and old-field vegetation with scattered stands of trees. This area consists of edge habitat 

and both forest-dwelling and open field bird species were observed using this habitat. 

Mahan's Run is the only named waterbody within the Hillside Area. An approximate 7200 lineal feet 

segment of Mahan's Run is present on-site and an additional 400 to 500 feet of stream channel is 

enclosed in the culvert beneath Route 2 near the intersection of Archer Hill Road. Mahan's Run was 

classified as perennial streams based on physical characteristics of the instream habitat and the 

observed benthic macroinvertebrate community. This second-order perennial stream (Strahler 1964) 

enters the east-central portion of the Hillside Area and transverses the Facility to the west through 

woodlands and a residential area along the north side of Mahan's Lane. Mahan's Run turns north as it 

approaches Route 2 and parallels this roadway for approximately 3000 feet to the point where it 

discharges to the Route 2 culvert. The stream segment parallel to Route 2 is located in a deep wooded 

ravine that was formed by filling and grading the land adjacent to Route 2 and relocating the stream 

channel to the base of the adjacent ridge. 

One stream crossing was constructed across Mahan's Run to connect the employee parking area to the 

eastern hillside. An approximate 6-foot by 8-foot concrete box culvert is used to convey Mahan's Run 

beneath the crossing. This box culvert is not embedded in the streambed and water drops several feet 

into a plunge pool at the outlet of the structure. This structure blocks fish passage from the Ohio River to 

the upper portion of Mahan's Run. A natural waterfall is located approximately 400 feet upstream of the 

box culvert and would block fish passage in the stream. Mahan's Run discharges to a culvert located 
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near Archer Hill Road and is carried beneath the roadway to the northern portion of the Plant Area. A 

scour pool has formed at the culvert outfall and the stream transverses approximately 300 feet along the 

northern property boundary to its confluence with the Ohio River. 

Potential wetland areas were observed in several locations in the Hillside Area. Two sediment control 

ponds were constructed at mid-slope elevations at the base of the highway construction soil/rock fill area. 

These ponds are located just east of the Hillside Fill Area. The ponds were recently constructed and no 

fringe wetlands have developed along the borders of these ponds. A third pond in the northern portion of 

the Facility was a dry basin during the site reconnaissance. Potential wetlands were observed in the 

drainageway southeast of the northern pond and on the slope southeast of the North Tar Wicking Area. 

Another potential wetland was observed in the swale approximately 300 feet downgradient of the 

southern ponds' outlet. Several wet spots were also observed in woodland depressions near the ridgetop 

and in the woods south of the South Tar Wicking Area. An approximate one-half acre wetland was 

present in the Mahan's Run floodplain east of the closed Sludge Drying Bed area (Figure 8-1 ). Adult and 

larval green frog (Rana c/amitans) were observed in Mahan's Run north of the stream crossing and in 

floodplain wetland areas downstream of the crossing. 

8.2.3 IDENTIFICATION OF CONSTITUENTS OF INTEREST 

The potential sources of contaminants at the Facility are discussed in Section 4.0 of this report. The 

investigation of these sources is discussed in Section 5.0, and the distribution of contaminants in 

environmental media is discussed in Section 6.3. 

The analytical data obtained during the RFI were evaluated to identify on-site constituents that are of 

potential ecological significance. The locations of environmental samples collected during the RFI are 

presented on Figures 3-1 and 3-2. The laboratory results for all surface soil, groundwater, surface water, 

and sediment samples collected during the RFI are presented in Tables V-1 through Y-1 in Appendices V 

through Y. Tables V-1 through Y-1 also list the ESLs provided by USEPA Region Ill in July 2005 and 

highlight all constituent concentrations that exceed the ESLs. 

Additional screening was conducted to select COis that would be included in the ecological screening 

level risk calculations discussed in Section 8.3.2. COis were developed only for potentially complete 

pathways that would be included in the risk calculations as discussed in Section 8.2.6. The COis for each 

of these pathways are presented in the following tables: 

• Table 8-5: Ecological Screening Results - Surface Soil; 

• Table 8-6: Ecological Screening Results -Alluvial Aquifer Groundwater- Plant Area; 

i • 
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These tables identify the frequency of detection, the range of sample quantitation limits, the range of 

detected concentrations, and the location of the maximum detected values for each COl. Blank values 

(B) and Unusable values (UR) were not included in the risk screening. Subsurface soils (greater than 

2 feet in depth) were not included in the screening process because they are considered inaccessible to 

ecological receptors and sufficient groundwater data and surface water data were available to account for 

potential soil-to-groundwater pathways to ecological receptors in surface water in Mahan's Run and the 

Ohio River. 

Finally, a comparison of surface water and sediment sample results from downstream locations to results 

from upstream background locations to determine if off-site sources contribute to environmental 

concentrations of the COis. The statistical comparison of background samples for surface water and 

sediment is discussed in Section 8.2.8 and calculations are presented in Appendix U. 

8.2.4 DESCRIPTION OF CONSTITUENT FATE AND TRANSPORT PATHWAYS AND RELATED 

CO Is 

After the environmental setting and the constituents are described, the next step in the screening-level 

problem formulation is consideration of the fate and transport pathways that might allow constituent 

exposure to individual organisms or populations of organisms. Knowledge about the potential fate and 

transport pathways of the constituents detected is vital to understanding which chemicals and receptors 

are associated with complete exposure pathways. This is because the pathway and route of exposure 

may have a strong influence on the ecological effect of a constituent. This information was ultimately 

used to develop the ecological CSM developed for the Plant Area and Hillside Area and presented in 

Figures 8-2 and 8-3, respectively. 

Potential migration pathways at the Facility were evaluated for the constituents detected (i.e., those 

discussed in the preceding section). The concentration and distribution of these constituents in 

environmental media on and near the Facility hypothetically could be (and/or could historically have been) 

affected by one or more of the following general mechanisms: 

• Direct uptake of constituents in surface soils by terrestrial and wetland plants; 

• Dermal contact or ingestion of constituents in surface soil by terrestrial and wetland wildlife; 
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• Dermal contact or inhalation by wildlife of constituents transported from surface soils by wind 

erosion or volatilization; 

• Direct contact of constituents in groundwater with terrestrial, wetland, or aquatic plants; 

• Leaching of constituents from contaminated soil to groundwater and uptake by plants; 

• Direct contact of constituents in sediment with wetland and aquatic plants; 

• Ingestion or dermal contact with surface water and/or sediments by aquatic receptors; 

• Suspension and transport of COI)Stituents in surface water runoff with ingestion or uptake by 

aquatic receptors; 

• Leaching of constituents from contaminated soil to ground water and surface water with 

ingestion or uptake by aquatic receptors; and 

• Bioaccumulation of constituents in the food chain. 

8.2.4.1 Surface Soils 

Sampling of surface soils (0 to 24 inches) identified the presence of COis which have the potential to 

directly interact with ecological receptors via the ingestion/uptake, inhalation, or dermal exposure routes. 

As a result, these pathways will be evaluated further for the SLERA. As discussed in Section 8.2.7, 

fifty-four soil sample locations were used to evaluate conditions at the Facility (Table 8-5). The surface 

soil samples were collected within the Plant Area of the Facility. No surface soil samples were collected 

from the Hillside Area. 

8.2.4.2 Air 

CO Is were detected in surface soils and fugitive dust emissions are possible in unvegetated areas of the 

Facility such as raw materials and products storage yards or in work yards. Inorganic compounds, 

SVOCs, and benzene were detected in on-site soils and fugitive dust is a potential ecological exposure 

mechanism. However, toxicological data for ecological receptors exposed to fugitive dust or soil via the 

inhalation or dermal exposure routes are generally lacking in the scientific literature. Therefore, an 

ecological risk screen based on exposure to the COis via the inhalation route was not evaluated for the 

SLERA. 

8.2.4.3 Groundwater 

An initial review of the COis detected in groundwater indicated potential ecological risk to deep-rooted 

trees in terrestrial habitats and vegetation in wetland and aquatic habitats. Groundwater discharge along 

Mahan's Run, Alleghany Steel Run, or the Ohio River could result in possible deposition and/or 

interaction with ecological receptors. This evaluation was performed for the Plant Area to assess 
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potential risk to vegetation on the lower riverbanks and floodplain of the Ohio River. Alluvial Aquifer 

groundwater samples were used to perform these evaluations in the Plant Area (Table 8-6). 

Groundwater samples from the perched zone beneath the Plant Area were not used in this evaluation 

since perched groundwater is generally contained within the facility and does not discharge directly to the 

Ohio River. Groundwater beneath the Hillside Area that is perched along the soil/bedrock interface may 

discharge to Mahan's Run. Groundwater sampling data from the Hillside Area monitoring wells were 

used to assess potential risk to wetland and riparian vegetation in Mahan's Run in the Hillside Area 

(Table 8-7). 

8.2.4.4 Surface Water 

Surface water runoff from the industrial site in the Plant Area is collected in storm sewers and treated at 

the on-site wastewater treatment plant before discharge to the Ohio River. The wastewater treatment 

process is expected to be protective of ecological receptors. 

Much of the surface water runoff from the Hillside Area ultimately discharges to Mahan's Run. The COis 

detected in Mahan's Run (Table 8-8) have the potential to directly interact with ecological receptors via 

uptake by wetland and aquatic plants, and ingestion and/or dermal contact with terrestrial, wetland, and 

aquatic organisms. As a result, surface water ingestion by small mammals (e.g., eastern cottontail rabbit, 

Indiana bat) was evaluated for the SLERA. 

8.2.4.5 Sediments 

Sediment samples were also collected at each surface water sampling location in Mahan's Run. Direct 

contact of plant root systems with COis in sediment (Table 8-9) was considered a potential exposure 

pathway for wetland and aquatic plants, and the ingestion and dermal contact with COis in sediment was 

considered a potential exposure pathway for wetland, semi-aquatic and aquatic organisms. The 

evaluation of the food chain pathway to aquatic receptors in Mahan's Run and an evaluation of small 

mammals (bats) feeding on the adult stage of aquatic insects exposed to stream sediments were 

considered sufficient to evaluate ecological exposure pathways from contact with sediment in the SLERA. 

8.2.4.6 Food Chain 

The bioaccumulation of inorganic COis via plant and animal uptake in terrestrial, wetland, and aquatic 

habitats was considered a potential exposure pathway. Several food chain pathways were evaluated for 

the Facility. 
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Bioaccumulation of CO Is in meadow vole via ingestion of plants growing in surface soil; 

Bioaccumulation of COis in American robin ingesting earthworms in surface soil; and 

Bioaccumulation of COis in red-tailed hawk ingesting resident American robins. 

Sediment Food Chain Evaluations 

Bioaccumulation of COis in Indiana bat via ingestion of adult aquatic insects exposed to on-site 

sediment in Mahan's Run. 

8.2.5 DESCRIPTION OF POTENTIALLY EXPOSED RECEPTOR POPULATIONS 

8.2.5.1 Threatened or Endangered Species Considerations 

The characterization of ecological setting included correspondence with the United States Fish and 

Wildlife Service (USFWS) and the West Virginia Division of Natural Resources (WVDNR) to request a 

database review regarding federal and state listed threatened or endangered species, critical habitats, 

and sensitive sites at the Facility and for an area within a one-mile radius of the Facility. The USFWS 

responded that the Facility is located within the range of the Indiana bat (Myotis soda/is), a federally 

endangered bat (see Agency Correspondence attached to the Appendix U Checklist for Ecological 

Assessment/Sampling). They reported, "the Indiana bat may use the project area for foraging and 

roosting between April 1 and November 15. Indiana bat summer foraging habitats are generally defined a 

riparian, bottomland, or upland forest, and old fields or pastures with scattered trees. Roosting/maternity 

habitat consists primarily of live or dead hardwood tree species that have exfoliating bark that provides 

space for bats to roost between the bark and the bole of the tree. Tree cavities, crevices, splits, or hollow 

portions of tree boles and limbs also provide roost sites." The USFWS has determined that small projects 

outside of a 5-mile radius of a hibernaculum or known capture site affecting 17 acres or less of suitable 

forested habitat will have a small chance or resulting in direct or indirect take of the species and that 

these effects are considered discountable. The USFWS did not identify any designated critical habitat 

areas in the Facility vicinity. No surveys were conducted by WPSC to evaluate the presence of the 

Indiana bat at the Facility and it was selected as a potential ecological receptor in the SLERA. 

I. 
I 
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The response from the WVDNR reported that there are no records of rare, threatened, or endangered 

species or sensitive habitats within the project area. West Virginia has not developed statutes to 

designate state-listed threatened or endangered species of flora or fauna, but their correspondence 

identified records for three rare fish that were collected from the Ohio River near the Facility. The rare 

fish identified are: 

Scientific Name 

Macrhybopsis storeriana 

Hiodon tergisus 

Carpiodes carpio 

Common Name 

silver chub 

moon eye 

river carpsucker 

The three rare fish species were retained as potential ecological receptors in the SLERA. Surface water 

samples were not collected from the Ohio. However, groundwater samples were collected on the Facility 

and based on the assumption that groundwater diffusely enters and is rapidly mixed in the Ohio River 

(see Section 6.3), the potential risk to these fish species was evaluated. 

The WVDNR responded that there are no sensitive sites such as unique ecological sites, geologic 

features, breeding or non-breeding animal concentrations, state parks, state forests, scenic rivers, or 

wildlife areas within the project area (WVDNR 2003, see correspondence in Appendix U). The WVDNR 

has designated the Ohio River a High Quality Stream. A High Quality Stream is defined as a 'Warmwater 

streams over five miles in length with desirable fish populations and public utilization thereof' (WVDNR, 

2001 ). 

8.2.5.2 Terrestrial, Aquatic, and Wetland Habitats, and Receptors 

The identification of the categories of receptors most likely affected helps focus the SLERA. The 

ecological setting provides descriptions of the on-site terrestrial, aquatic and wetland habitats, and 

potential ecological receptors at the Facility. Information regarding the habitats, flora, fauna, and benthic 

macroinvertebrate communities observed in the Plant Area and Hillside Area is summarized in Tables 8-1 

through 8-4. This information was used to help develop the Conceptual Site Models illustrated in 

Figures 8-2 and 8-3 for the Plant Area and the Hillside Area, respectively. 

As illustrated in the CSMs, terrestrial and aquatic wildlife and plants could be exposed to constituents 

from the Facility, including fish, amphibians, reptiles, wading birds, song birds, birds-of-prey, small 

mammals, and large mammals. Potentially significant exposure scenarios are plausible for plant 

I. 
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communities, individual flora and fauna, and wildlife populations. Therefore, this SLERA includes the 

conservative evaluation of risks to individual ecological receptors. The following representative species 

and functional groups were evaluated as potential ecological receptors. 

• Fish or aquatic invertebrates that inhabit the Ohio River, Mahan's Run, and Alleghany Steel 

Run; 

• Semi-aquatic and terrestrial amphibians, birds or mammals, such as the green frog (Rana 

c/amitans), American robin (Turdus migratorius), red-tailed hawk (Buteo jamaicensis), 

meadow vole (Microtus pennsy/vanicus), eastern cottontail rabbit (Sylvilagus floridanus), .and 

Indiana bat; and 

• Vegetation exposed to COis in surface soils and shallow groundwater in various areas of the 

Facility 

Except for the Indiana bat and the three rare fish species noted by WVDNR, the vertebrates listed above 

were observed on the Facility and are expected to be relatively abundant in appropriate habitats. These 

species have different feeding habits that may lead to differential exposure to the constituents of interest 

in various media and were also used to evaluate the food chain pathways. Information on vertebrate 

species selected as ecological receptors is provided in the following sections. 

American Robin 

The American robin is the most widespread species of the family Turdidae in North America. It is found 

throughout most of the continental United States and Canada during the breeding season and winters in 

the southern United States. They live in a variety of habitats, including woodlands, swamps, suburbs, 

and parks. Robins build nests of mud and vegetation on the ground or in the crotches of trees or shrubs. 

American robins forage primarily on the ground and in low vegetation by probing and gleaning. Habitat 

requirements include access to fresh water, protected nesting sites, and productive foraging areas 

(Speirs 1953). During the breeding season, their diet consists mainly of invertebrates and some fruit, but 

consists primarily of fruit during the remainder of the year (Martin et al. 1951 ). Mating and egg laying 

generally occur in April or May, with the female constructing the nest and brooding the eggs. Both males 

and females feed the nestlings and following fledging the brood often divides. Females may start a 

second brood before the first is independent, leaving the male to feed all of the fledglings (Young 1955). 

As fall approaches the diet returns to fruit and robins begin to roost communally and may join other 
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species such as common grackles and European starlings in large roosts (Morrison and Caccamise 

1990). Most robins leave their breeding grounds in September to November and return in February to 

April. 

Red-tailed Hawk 

The red-tailed hawk is the most common Buteo species in the United States and breeding populations 

are spread throughout most wooded and semi-wooded regions south of the tundra (Adamcik et al. 1979) 

and nesting is primarily in woodlands. They are found in a variety of habitats including woodlands, 

wetlands, pastures, prairies, and deserts, preferring mixed landscapes containing old fields, wetlands, 

and pastures for foraging and groves, woodlands, and bluffs for perching and nesting (Brown and 

Amadon 1968). Winter night roosts are usually in conifers. Red-tailed hawks feed in open country on a 

wide variety of small to medium-sized prey, hunting from an elevated perch often near woodland edges 

(Bohm 1978). Small mammals are important prey, including mice, shrews, voles, rabbits, and squirrels. 

They also eat birds, lizards, snakes and large insects, depending on availability (Craighead and 

Craighead 1956). 

Northern red-tailed hawks are migratory while southern hawks are year-round residents (Bent 1937). 

They lay one clutch per year consisting of 1 to 2 eggs. Both sexes incubate but the male provides food to 

the female during incubation and for the entire family following hatching. The fledglings are fed by both 

parents until they are able to hunt (Brown and Amadon 1968}. The home range can vary from several 

hundred hectares to 1500 hectares depending on the suitability of the habitat. 

Meadow Vole 

The meadow vole is a small, herbivorous rodent that resides throughout the northern portion of the United 

States and across Canada in grasslands. They inhabit grassy fields, marshes, and bogs and prefer moist 

habitats. They are active day and night and feed mainly on shoots, grasses and bark, preferring green 

herbaceous vegetation when it is in season. They tend to consume the most common plants in their 

habitat (Zimmerman 1965). Daytime activity increases with increasing groundcover. Meadow voles build 

runways in grasses and use them for foraging about 45% of the time (Gauthier and Bider 1987). All voles 

do some burrowing, excavating ground nests for nurseries, resting areas, and shelter from severe 

weather (Johnson and Johnson, 1982}. Voles are prey for hawk, owls, and mammalian predators such 

as shrews, foxes and badgers. 
r 
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Meadow voles are polygamous and produce litters throughout the breeding season with the number of 

litters decreasing with increasing latitude (Johnson and Johnson, 1982). The size of its home range 

depends on season, habitat variables, population density, and the age and sex of the individual. Summer 

ranges are larger than winter and ranges in marshes are larger than ranges in meadows. Population 

densities fluctuate widely from season to season and year to year, ranging from near zero before 

recovering in several years to several hundred per acre (Getz et al. 1987). 

Eastern Cottontail Rabbit 

Eastern cottontail rabbit is the most widespread and fami]iar species of the mammalian Leporidae 

(i.e., cottontails, hares, and jackrabbits) in North America. The eastern cottontail inhabits the widest 

range of habitats in its genus, occurring in glades, woodlands, deserts, swamps, prairies, hardwood 

forests, rain forests, and boreal forests (Nowak and Paradiso 1983). Mostly nocturnal and crepuscular, 

open grassy areas are used for foraging during the night and dense, heavy cover is used for shelter 

during the day. Eastern cottontail prefers green herbaceous vegetation in season and consumes woody 

vines, shrubs and tr~es where herbaceous plants are not available and during the winter season 

(Chapman et al. 1982). Rabbits are medium sized herbivores and are prey for large carnivorous birds 

and mammals. The eastern cottontail rabbit is an important game species. 

Breeding activity begins in early spring and is later with increasing latitude (Conaway et al. 1974). Harsh 

winter weather in early spring may delay the onset of the breeding season. Eastern cottontail do not 

defend territories and the ranges of different age and sex groups tend to overlap, especially in fall and 

winter. During breeding season, females build nests within slanting holes in the ground where they give 

birth. Population density depends on the availability of resources and cycles over a period of several 

years. Eastern cottontail have the highest fecundity of their genus and may produce 25 to 35 young per 

year (Chapman and Ceballos 1990). 

Indiana Bat 

The Indiana bat is a small brown bat that was listed as a federal endangered species by the USFWS in 

1967. Indiana bats are known to roost under the loose bark of trees or in hollow trees in the summer 

period (April 1 - November 15). Studies indicate that wooded areas along rivers are preferred feeding 

areas, but recent information suggests that upland forests are also used for foraging. Preferred roosting 

trees are those that have flaking or exfoliating bark such as shagbark hickory (Carya ovata), American 

sycamore (Platanus occidentalis), and white oak (Quercus alba). During the winter, large groups of 

Indiana bats congregate in select caves in eastern West Virginia. These caves have fairly stable winter 

temperatures (37° to 43° Fahrenheit), a high relative humidity (66% to 95%) and are usually associated 
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with cavernous limestone geologic features. Sensitivity to winter cave disturbance, specific summer and 

winter habitat requirements, and low reproductive rates (typically reproduce a single pup per year) 

contribute to its designation as a federal endangered species (Evans et al. 1998}. 

Migration from summer range to winter hibernacula for females and juveniles usually begins in August. 

The Indiana bat continues to feed into late fall and enters hibernation when insects become less 

abundant. By late-November most bats have entered hibernaculum and hibernation usually lasts from 

October to mid-April. 

8.2.6 IDENTIFICATION OF POTENTIALLY COMPLETE EXPOSURE PATHWAYS 

A complete exposure pathway is one in which constituents can be traced or expected to travel from the 

source to a receptor that can be affected ~y the constituents (USEPA 1997d}. A receptor within the 

context of this SLERA is a population, ecosystem, or critical habitat as defined by USEPA. Therefore, a 

chemical, its release and migration from the source, a receptor (as discussed above), and the 

mechanisms of toxicity of that chemical must be demonstrated before a complete exposure pathway can 

be identified. The components of an exposure pathway (the constituents, their migration, their effects, 

and the receptors) have previously been discussed. 

As indicated in the CSMs for the Plant Area and Hillside Area (Figures 8-2 and 8-3), complete exposure 

pathways are identified in both areas. The following potentially complete exposure pathways were 

evaluated for the ecological receptors at and near the Facility: 

• The uptake of COis by plants from on-site surface soil and groundwater; 

• Ingestion of on-site soil surface water by mammals; 

• Dermal contact and ingestion of on-site surface water by aquatic receptors; and 

• Food chain transfer by ingestion of COis in affected media (e.g., earthworms in on-site 

surface soils) and biota (e.g., bioaccumulation). 

Figures 8-2 and 8-3 identify potential exposure pathway for the Facility based on the possible fate and 

transport of the COis and the ecological receptors observed. For example, a simple soil exposure 

pathway for a terrestrial species could include soil ingestion by earthworms and ingestion of earthworms 

by an American robin. A more complex pathway for the Facility might involve multiple exposure 

pathways, such as ingestion of Facility vegetation, soil and water by a meadow vole and an American 

robin, and predation on both species by a red-tailed hawk. These terrestrial species and/or their 

preferred habitats were observed at the Facility. 

i " 

i 
!• 



RCRA Facility Investigation Report 
Steubenville East Coke Plant 
Wheeling Pittsburgh Steel Corporation, Wheeling, West Virginia 

8.2.7 REVIEW OF SAMPLE LOCATIONS 

Section No.: 8 
Page No.: 8-19 
Revision No.: 0 

Date: 9/05 

The environmental sampling program was designed to assess conditions in various media based on the 

known or suspected release of potential contaminants at various sources throughout the Facility. The 

complete data set collected for the Facility was reviewed to determine if samples were collected from 

areas containing habitat for ecological receptors. 

8.2. 7.1 Surface Soils 

Fifty-four surface soil samples were collected at the Facility, including 49 samples in the Plant Area and 

five background samples in the Hillside Area. The majority of samples were collected from areas 

providing unsuitable habitat for ecological receptors such as paved areas, barren work yards, or raw 

material and product storage areas devoid of vegetation. Most of the samples were collected from areas 

that would have little or no use by ecological receptors and the use of all surface soil data was considered 

a conservative approach to risk analysis. The surface soil data are summarized in Table 8-5. 

8.2. 7.2 Groundwater 

Groundwater sampling and analysis was completed at monitoring wells at forty-nine locations (forty-four 

in the Plant Area and five in the Hillside Area). The data from wells located in the alluvial aquifer in the 

Plant Area were used to evaluate groundwater discharge to the Ohio River (Table 8-6), and these data 

were modified using a dilution factor to account for mixing in the river during the risk calculations. The 

data from the five monitoring wells in the Hillside Area (Table 8-7) were used to evaluate potential 

ecological risk to terrestrial and wetland plants along the banks of Mahan's Run. 

8.2.7.3 Surface Water 

Surface water samples were collected from fourteen locations along Mahan's Run. These data were 

used for a Facility-wide screen for ecological receptors inhabiting Mahan's Run. Seven samples were 

collected from downstream locations, two samples were collected from small seeps on the right

descending bank of the stream, and five samples were collected at upstream locations to measure 

background conditions. Analytical data form the seven downstream locations were included in the risk 

calculations. 

The seeps that were sampled occupy small areas and are unlikely to be used by a significant number of 

ecological receptors. The contributions of these seeps to surface water quality can be estimated from the 

surface water quality data. Therefore, the data from these seeps (samples SPH01W and SPH02W) were 
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excluded from the surface water quality data used for the risk calculations. Based on the small volume of 

water flowing from these seeps and the small area affected, a screen of surface water seeps was not 

completed in the SLERA. 

The surface water COis used in the risk calculations are summarized in Table 8-8. The rationale for 

eliminating certain constituents based on a comparison to upstream background concentrations is 

presented in the following Section 8.2.8. 

8.2.7.4 Sediment 

Sediment samples were collected at each surface water sample location and include seven downstream 

samples, two seep samples, and five background samples. Analytical data from the seven downstream 

sampling locations were used in the risk calculations. The data from the seeps were not representative of 

conditions in Mahan's Run and were excluded from the risk calculations for sediment. 

The sediment COis used in the risk calculations are summarized in Table 8-9. The rationale for 

eliminating certain constituents based on a comparison to background concentrations is presented in the 

following Section 8.2.8. 

8.2.8 COMPARISON FOR SURFACE WATER AND SEDIMENT SAMPLES TO BACKGROUND DATA 

AND SELECTION OF CONSTITUENTS OF CONCERN 

A statistical comparison of chemical concentration values for background samples versus on-site samples 

was completed for surface water and sediment samples collected at the Facility. This analysis was 

conducted to eliminate COis from the risk calculation that appear to have off-site sources or may not be 

associated with operations at the Facility. The data were analyzed using the Mann-Whitney Test to 

determine if the constituents concentrations reported in on-site samples are statistically similar to 

concentrations collected from background locations. Constituents that were analyzed and produced test 

results that were similar to background or where background concentrations were higher than the on-site 

sample results were excluded from the risk screen calculations. The results of the Mann-Whitney Test for 

surface water and sediment are presented in Appendix U. 
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The Mann-Whitney Test demonstrated that concentrations of total aluminum in background (upstream) 

surface water samples were higher that on-site (downstream) concentrations (Appendix U). Therefore, 

total aluminum was eliminated from the list of COis. The list of surface water COis used for the risk 

calculations is presented in Table 8-8. 

8.2.8.2 Sediment 

The Mann-Whitney Test demonstrated that background concentrations of arsenic, iron, lead, nickel, 

selenium, silver, benzo(b)fluoranthene, fluorene, and phenanthrene were higher than concentrations in 

on-site sediment samples and these constituents were excluded from the risk calculations for sediment in 

Mahan's Run (Appendix U). The list of COis in sediment used for the risk calculations is presented in 

Table 8-9. 

8.2.9 IDENTIFICATION OF GENERIC ASSESSMENT AND MEASUREMENT ENDPOINTS 

Assessment endpoints are the explicit expression of ecological entities (e.g., mammal populations) and 

attributes (e.g., reproductive ability) to be protected (USEPA 1997d). The selection of assessment 

endpoints depends on knowledge of the receiving environment, knowledge about the constituents 

released (including ecotoxicological properties and concentrations that cause adverse impacts), and 

understanding of the values that will drive risk management decision-making. "For the SLERA, 

assessment endpoints are any adverse effects on ecological receptors, where receptors are plant and 

animal populations and communities, habitats, and sensitive environments. Many of the ecotoxicity 

screening values are based on generic assessment endpoints (e.g., protection of aquatic populations or 

communities from changes in structure or function) and are assumed to be widely applicable to Sites 

around the United States" (USEPA 1997d). 

Since direct measurement of assessment endpoints is often difficult (or impossible), surrogate endpoints 

(called measurement endpoints) are used to provide the information necessary to evaluate whether the 

values associated with the assessment endpoint are being protected. A measurement endpoint is a 

measurable ecological characteristic and/or response to a stressor (USEPA 1998). Measurement 

endpoints are also referred to as measures of potential effect (USEPA 1998). Measurement endpoints, 

such as mortality, reproductive effects, and reduced growth, are considered for the SLERA but are not 

directly measured. These measurement endpoints are indirectly evaluated in the SLERA using hazard 

quotients (HQs). A HQ is the ratio of a constituent concentration to an associated ecotoxicity screening 

value. The measurement endpoints/Has for the Facility are discussed further in Section 8.3. 
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• Direct contact and uptake of constituents in groundwater byplants in the Plant Area (Table 

8-11) and Hillside Area (Table 8-12); 

• Direct contact and uptake of constituents discharged via alluvial groundwater to the Ohio 

River (Table 8-13); 

• Direct contact and ingestion of constituents in surface water by aquatic receptors in Mahan's 

Run (Table 8-14); 

• Surface water ingestion from Mahan's Run by eastern cottontail rabbit (Table 8-15); 

• Surface water ingestion from Mahan's Run by Indiana bat (Table 8-16); 

• Bioaccumulation of COis in meadow vole via plants growing in on-site surface soils (Table 

8-17); 

• Bioaccumulation of COis in American robin ingesting earthworms exposed to COis in on-site 

surface soils (Table 8-18); 

• Bioaccumulation of COis in red-tailed hawk ingesting American robin exposed to earthworms 

in on-site surface soils(Table 8-19); 

• Aquatic receptors exposed to sediment in Mahan's Run (Table 8-20);and 

• Bioaccumulation of COis in Indiana bat ingesting adult benthic macroinvertebrates exposed 

to on-site sediment concentrations in Mahan's Run (Table 8-21 ). 

8.3 SCREENING LEVEL ECOLOGICAL EFFECTS EVALUATION 

The preliminary effects evaluation for the SLERA requires the selection of conservative 

(i.e., overestimated) ecotoxicity screening values (ESVs or ESLs) for each complete exposure pathway 

using the highest measured or estimated on-site COl concentration for each environmental media to be 

evaluated (USEPA 1997d and USEPA 2001b}. It should be noted that this is an extremely conservative 

approach to evaluate effects, as it is unlikely that any receptor would contact only the maximum COl 

location continuously. Therefore, the data set was modified by eliminating surface soil sampling locations 

from areas of the Facility that are not available to potential ecological receptors in the Plant Area 

(Section 8.2.7). Surface water data and sediment data collected from two seeps were also excluded from 

the risk calculations. In addition, the Mann-Whitney Test was used to test constituent's concentrations in 

on-site surface water and sediment versus concentrations in background sample locations (Section 8.2.8) 

to exclude constituents from other potential off-site locations. 
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ESVs are chemical concentrations in environmental media below which there is negligible risk to 

receptors exposed to those media (USEPA 2000a). ESVs are available from a broad range of federal 

and state sources, one or more of which may be applicable for any given site. Further, ESVs for all 

media and all receptors may not be available from each source; thus, consideration of a range of sources 

provides greater opportunity for identification of ESVs. The majority of the ESVs used in this SLERA are 

the USEPA Region Ill (2003) Ecological Screening Levels (ESLs} provided to CEC in July 2005. Other 

screening values were derived from No-Observed-Adverse-Effect-Levels published by Efroymson et al. 

(1997), Sample et al. (1996) and chronic water quality criteria for aquatic life (WVDEP, 2005). The 

sources of information for variables such as plant uptake factors, biotic sediment accumulation factors, 

water and food intake rates, dietary information, ingestion rates, and body weights are identified in the 

table footnotes and listed are in the reference section of the report. 

The screening-level exposure assessment is comprised of the identification of exposure estimates, risk 

calculations, and the evaluation of uncertainties (USEPA 1997d, USEPA 2000). These form lines of 

evidence to support the scientific management decision point (SMDP) at the conclusion of the SLERA. 

8.3.1 IDENTIFICATION OF SCREENING-LEVEL EXPOSURE ESTIMATES 

The maximum concentrations detected in on-site soil, surface water and sediment were used for this 

SLERA as part of the evaluation of potential direct toxicity. These values were adjusted based on site 

conditions and the background screen for surface water and sediment as discussed in Sections 8.2. 7 and 

8.2.8. These concentrations along with the appropriate corresponding USEPA Region Ill ESLs are 

summarized on the following tables, for the following media groupings: 

• Table 8-5 Constituents of Interest in Surface Soil; 

• Table 8-6 Constituents of Interest in Alluvial Groundwater- Plant Area; 

• Table 8-7 Constituents of Interest in Groundwater- Hillside Area; 

• Table 8-8 Constituents of Interest in Surface Water- Mahan's Run; and 

• Table 8-9 Constituents of Interest in Sediment- Mahan's Run. 

8.3.2 SCREENING-LEVEL RISK CALCULATIONS 

The preliminary effect evaluation for the SLERA requires the selection of conservative ESVs for each 

complete exposure pathway using the highest measured or estimated on-site COl concentration for each 

environmental media to be evaluated (USEPA 1997d; USEPA 2001b}. It should be noted that this is an 

extremely conservative approach to evaluate effects as it is unlikely that any receptor would contact only 
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the maximum COl location continuously. However, the objective of the SLERA is to eliminate with a high 

degree of certainty COis that do not pose ecological risk. Thus, the approach employed in this SLERA is 

appropriate. The conservative assumptions employed in this SLERA are described in Section 8.4. 

The HQ approach is used for the SLERA (USEPA 1997d). The HQ compares point estimates of ESLs 

and maximum exposure values (EECs). The ESLs are often conservatively estimated chronic NOAELs 

available from the literature or appropriate guidance or regulations and their source for each media is 

described in the subsections that follow. Thus for each COl identified in soil, surface water, and sediment 

at the Facility, the HQ can be expressed as the ratio of the maximum concentration at the Facility in the 

media (Environmental Exposure Concentration or EEC) to the ELS or NOAEL: 

HQ = EEC/NOAEL or ESL 

where: 

HQ= 

EEC = 

ESL= 

NOAEL= 

Hazard Quotient; 

Maximum concentration of the COl at the Facility in the media under 

evaluation; 

Ecological Screening Level (USEPA 2003) in the same units as the EEC; 

and 

No-Observed-Adverse-Effects-Level in the same units as the EEC. 

A HQ less than one indicates that the COl alone is unlikely to cause adverse ecological effects. The sum 

of the HQs is called a Hazard Index (HI). An HI less than one indicates that the group of CO Is is unlikely 

to cause adverse ecological effects. 

8.3.2.1 Facility Soils 

-The ESVs used for on-site soil HQ calculations were selected from Efroymson et al. 1997. HQ and HI 

calculations were performed for COis in surface soil ecological exposure pathways. The HI was 

calculated as the sum of the individual HQs of each COl. The soil pathways were calculated to assess 

the potential effects of CO Is in soil on the plant community (Table 8-1 0). 

Soil to Plant Pathway 

The HQ for the soil-to-plant pathway was derived using the EECs and the screening benchmark 

concentrations presented in Efroymson et al. (1997). The Facility surface soil HI (Table 8-10) exceeds 

the threshold value of 1 .0 and indicates that either remedial action or a SERA may be necessary to 

evaluate the effects of the COis on plants. The majority of the potential effects are attributable to 

i 
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chromium, aluminum, vanadium, manganese, and mercury. Furthermore, HQs could not be derived for 

seventeen of thirty-two COis due to an absence of screening benchmarks for those constituents. These 

COis include cyanide, two metals, and fourteen SVOCs. 

Bioaccumulation of COis in Soil Invertebrates and Vertebrates 

Six His were calculated to estimate ecological risk from bioaccumulation of COis transferred from surface 

soil to ecological receptors in the food chain. The first exposure scenario measured the bioaccumulation 

of COis in meadow vole from ingestion of plant material in the Plant Area (Table 8-22) and Hillside Area 

(Table 8-23). Uptake factors were for metals were obtained from USDEOEM (1998) and for 

phenanthrene and pyrene from Gao and Zhu (2004) to estimate the mean concentration of the COis 

transferred from soil to plant material. The Wildlife Exposure Factors Handbook (USEPA 1993) was used 

to determine percentage of plant material composing meadow vole diet, the ingestion rate and body 

weight of meadow vole. This information was used to calculate the mean dose to meadow vole that was 

used in the HQ calculations. The calculations are described as follows: 

c = (EEC X UF) 

where: 

C = Mean dose in plants 

EEC = maximum concentration of COis in surface soil (mg/kg) 

UF = Plant Uptake Factor 

C' = C(X) 

where: 

C' = Adjusted Mean dose for voles 

X= Diet coefficient (e.g., plant material equals 93% of the vole diet; USEPA 1993) 

D = (C' x IR)/BW 

where: 

D = Mean vole dose (mg/kg/day) 

IR = ingestion rate (kg/d) 

BW = body weight of voles (kg) 

The HQ for voles was calculated by dividing the dose (D) by the appropriate and available ESLs or 
\ 

NOAELS for each COl and a HI was computed by adding the HQs. The HI for the food chain transfer of 

COis to voles slightly exceeds the threshold value of 1.0 (Table 8-17), which indicates that either a BERA 
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or remedial action may be necessary. The majority of the effects are attributable to selenium. Thirteen of 

twenty-one COis could not be evaluated due to an absence of data on uptake factors for these 

constituents. 

The other exposure pathways from soil to ecological receptors through the food chain consist of an 

evaluation of COis transferred from surface soils to earthworms and from earthworms to avian receptors. 

The selected endpoints are American robin ingesting earthworms exposed to COis in on-site surface 

soils, and finally ingestion of American robin by red-tailed hawk. These calculations are similar to those 

used to determine the HI for meadow vole, with the first step using chemical-specific Uptake Factors (UF) 

to determine the mean concentration of the COis in earthworms, followed by the calculation of exposure 

(C) for American robin. The mean dose to American robin was determined using the equation 

(CxiR)/BW. The HQ for American robin was derived by dividing the mean dose by the ESLs (USEPA 

2005) or NOAELs (Sample 1996). The HQ for red-tailed hawk was calculated using the same pathway 

with the additional step of determining the mean dose for the hawk and using this value to compare with 

the ESLs or NOAELs to derive the HQs and HI. 

The HI for American robin via the food chain pathway exceeds the threshold value of 1.0 (Table 8-18), 

which indicates that either a BERA or remedial actions may be required to quantify ecological risk or 

eliminate the exposure pathway. The majority of the potential effects are attributable to lead, chromium, 

mercury, zinc, and selenium. Twelve of twenty-one COis could not be evaluated due to the absence of 

uptake factors for these constituents. 

The HI for red-tailed hawk via the food chain pathway exceeds the threshold value of 1.0 (Table 8-19) 

and indicates that either a BERA or remedial actions may be required. The majority of the potential 

effects are attributable to lead and chromium. Twelve of twenty-one COis could not be evaluated due to 

the absence of uptake factors. 

8.3.2.2 Facility Groundwater 

The ESVs used for Facility groundwater HQ calculations were selected from the NOAELs fro phytotoxicity 

to chemicals in soil solution from Efroymson (1997). The HQs and resulting HI was derived by dividing 

the EEC by the NOAEL. The HI calculations were performed for COis in Facility groundwater to assess 

the effects on COl uptake on deep-rooted trees in terrestrial habitat and shallow-rooted vegetation in and 

near springs, seeps and wetlands. 
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The HI for on-site plants exposed to groundwater exceeds the threshold value of 1.0 in both the Plant 

Area (Table 8-11) and Hillside Area (8-12). These HI values indicate that either a BERA or remedial 

actions may be required to refine ecological risk calculations or eliminate the exposure pathway. The 

majority of the potential effects are attributable to iron, manganese, and aluminum in the Plant Area and 

aluminum, iron, manganese, and zinc in the Hillside Area. Ten of twenty-two CO Is in the Plant Area and 

ten of twenty-six COis in the Hillside Area could not be evaluated due to the absence of NOAELs for 

these constituents. 

The potential effects of COis in groundwater discharging from the alluvial aquifer to the Ohio River was 

also evaluated. The ESVs used for diffuse groundwater discharge HQ calculations were selected from 

the West Virginia Water Quality Standards (Title 46 CSR1 2005). This HI was performed to assess the 

effects of COis in groundwater on aquatic life in the Ohio River. The HQs were calculated by dividing the 

maximum concentrations of COis in the alluvial aquifer groundwater by a dilution factor of 116,000 based 
' 

on hydrogeological assessment of groundwater discharge rates and the flow volume of the river (refer to 

Section 6.3) to determined the mixed river concentration of the COis. The mixed river concentrations 

were compared to the chronic water quality criteria for aquatic life in West Virginia (Title 46 CSR1 2005) 

to derive the HQs. The HQs and resulting HI were well below the threshold value of 1.0 in the river 

(Table 8-13), indicating that ecological risk does not exist from this pathway. 

8.3.2.3 Surface Water 

The ESLs used for surface water HQ calculations were selected from the chronic water quality criteria for 

aquatic life in West Virginia (Title 46 CSR1 2005) or NOAELs for wildlife (Sample et al. 1996). The HI 

calculations were performed for COis in Facility surface water to assess the effects of COis on aquatic 

receptors. The HQs were derived by dividing the EEC by the appropriate chronic water quality criteria or 

NOAEL for each COl. 

Surface Water to Aquatic Receptors 

The HI for surface water was slightly greater than the threshold value of 1.0 from exposure of aquatic 

organisms to COis in surface water in Mahan's Run (Table 8-14). The HI value indicates that either a 

BERA or remedial actions may be required to eliminate the exposure pathway. The potential effects to 

aquatic receptors in Mahan's Run are attributable to ammonia and dissolved aluminum. 

As discussed in the previous Section 8.3.2.2, the alluvial groundwater data were used to assess the 

effects for COis in Facility groundwater that might reach the surface water of the Ohio River for its effect 

on aquatic receptors. The maximum alluvial ground water concentrations for individual COis was divided 
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by the mixed river dilution factor (i.e., 116,000, see Section 6.3) to derive the EEC. The HQs were 

derived by dividing the EEC by the chronic water quality criteria or ESL for each COl. The HQs and 

resulting HI were well below the threshold value of \.0 in the river, indicating that ecological risks do not 

exist from that pathway (Table 8-13). This conclusion is consistent with the results of surface water 

sampling performed in the Ohio River during the RFI/CMS for the adjacent Koppers facility. 

Ingestion of Surface Water by Small Mammals 

His were derived for surface water ingestion by small mammals at the Facility. The HI values derived for 

eastern cottontail rabbit (Table 8-15) and Indiana bat (Table 8-16) were less than the threshold value of 

1.0 and indicates that significant ecological risk is not expected from the ingestion of surface water by 

these small mammals. 

8.3.2.4 Facility Sediments 

The first HI was calculated assuming aquatic receptors such as the fish and benthic macroinvertebrates 

would have direct contact with the sediments. The ESLs used for the first Facility sediment HQ 

calculations were selected from the USEPA (2005) Screening Levels. The second HI was calculated 

using the a formula similar to that used to calculate the HI for the American robin, using appropriate and 

available biotic sediment accumulation factors for each constituent, and the appropriate coefficients for 

the Indiana bat (Table 8-31 ). The Indiana bat was not observed at the Facility, but it was reported as a 

federally endangered species that may be present in the project vicinity. No data were available to 

evaluate the Indiana bat and available data for the little brown bat (Myotis Jucifugus) were used as a 

surrogate species for the evaluation. 

The HI for sediment exceeds the threshold value of 1.0 for both the aquatic receptors and Indiana bat and 

indicates that either a BERA or remedial actions may be required to eliminate the exposure pathway. The 

majority of the potential effects are attributable to cyanide, copper, manganese, chromium, and mercury 

for aquatic receptors (Table 8-20) and to copper for the Indiana bat (Table 8-21 ). 

8.3.3 EVALUATION OF UNCERTAINTIES 

A SLERA is designed to provide conservative estimates of the potential risks that may exist for wildlife 

and, therefore, incorporates uncertainty in a precautionary manner. Uncertainty in an ERA is "the 

imperfect knowledge concerning the present or future state of the system under consideration; a 
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component of risk resulting from imperfect knowledge of the degree of hazard or its spatial and temporal 

distribution" (USEPA 1997d). Uncertainties that may lead to either an overestimation or an 

underestimation of risk are associated with each stage of risk assessment. 

Uncertainty in Hazard Identification 

Uncertainties in the hazard identification step of the risk assessment include uncertainties associated with 

the available analytical data and the selection process for identification of COis. Specific elements of 

uncertainty in hazard identification include: 

Hazard Identification. Multiple uncertainties exist in the process of hazard identification including 

uncertainties associated with the selection of COis, selection of sampling locations, procedures 

used inn chemical analyses, and the number of samples selected for use in the risk assessment. 

Focus versus Random Sampling. The environmental sampling conducted to provide data for this 

assessment was conducted in a purposeful manner designed to locate the highest concentrations 

of constituents. Random sampling would have been more likely to provide a representative set of 

values to be incorporated into the risk assessment for consistency with the other exposure 

considerations. This directed sampling effort tends to lead to an overestimation of the risk. In 

addition, the majority of sample collected in the Plant Area were located in industrialized areas of 

limited utility to ecological receptors. 

The Facility is located in an area with a history of industrial operations and the Plant Area was 

constructed on land covered by slag and other fill material. Several of the primary COis, 

including ammonia, aluminum, iron, and manganese are constituents associated with slag and 

the levels detected may not reflect facility operations. 

Uncertainty in Toxicity Assessment 

The selection of biological concentration factors, uptake factors, ESLs, and NOAELs was based on the 

best available information at the time of the SLERA. Uptake factors do not exist for most of the COis 

evaluated in the risk assessment process. Information on diet and ingestion rates is not available for 

some species and surrogate species must be used to complete the SLERA. HQ values could not be 

derived for some inorganic compounds and most SVOCs that were selected as COis. These factors 

provide a moderate to high degree of uncertainty to the toxicity assessment. 

.. · 
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Risk calculations were performed to derive HQ values for individual COis and HI values for potentially 

complete exposure pathways. The results of these evaluations are summarized in the following table. 

Environmental Media 
Soil 

Soil 

Soil 

Groundwater 

Groundwater 

Groundwater 

Surface Water 

Surface Water 

Sediment 

Sediment 

Potential Exposure Pathway 
Uptake by terrestrial and wetland 
plants 

Earthworm to American robin 

American robin to red-tailed 
hawk 

Groundwater to terrestrial plants, 
Plant Area 

Groundwater to terrestrial and 
wetland plants, Hillside Area. 

Discharge to aquatic receptors in 
Ohio River 

Contact with aquatic receptors in 
Mahan's Run 

Ingestion by small mammals 

Aquatic receptors in Mahan's 
Run 

Ingestion of adult benthic 
macroinvertebrates from 
Mahan's Run 

Results 
HI exceeds 1.0. Primary COis 
include chromium, aluminum, 
vanadium, manganese, mercury 
and selenium. 

HI exceeds 1.0. Primary COis 
include lead, chromium, mercury, 
zinc, and selenium. 

HI exceeds 1.0. Primary COis 
include lead and chromium. 

HI exceeds 1.0. Primary COis 
include iron, manganese, and 
aluminum. 

HI exceeds 1.0. Primary COis 
include aluminum, iron, 
manganese, and zinc. 

HI less than 1.0. No ecological 
risk indicated. 

HI exceeds 1.0. Primary COis 
include ammonia and dissolved 
aluminum. 

HI less than 1.0. No ecological 
risk indicated. 

HI exceeds 1.0. Primary COis 
include cyanide, copper, 
manganese, and chromium. 

HI exceeds 1.0. Copper is the 
primary COl. 
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SMDPs represent critical steps in the ecological risk assessment process where risk management 

decision-making occurs. The first SMDP in the ERA process may occur either at the end of Step 2 or 

Step 3. The purpose of the flexibility of the first SMDP is so that additional evaluation of risks can occur 

and reporting can be streamlined into a single report. Generally, the following types of decisions are 

considered at this SMDP: 

1 . Whether the available information is adequate to conclude that ecological risks are negligible 

and, therefore, there is no need for further action based on ecological risk. 

2. Whether the available information is not adequate to make a decision at this point, and the 

ecological risk assessment process will continue. 

3. Whether the available information indicates a potential for adverse ecological effects, and a 

more thorough assessment or remediation is warranted. 

The SLERA results indicate that a focused initial BERA analysis is warranted (i.e., Step 3a} because the 

results of the screening-level risk calculation result in HQs greater than 1 for surface soils, groundwater, 

surface water, and sediment. The information in this SLERA is not adequate for decision-making. It is 

recommended that each of the constituents with HQs greater than 1 are retained for further analysis in 

the BERA where information such as background constituent concentrations, more reasonable exposure 

estimates, and the spatial distribution of chemicals in relation to habitat can be considered. Constituents 

lacking ESLs should also be retained for further analysis in the BERA. 

Potential future investigations should consider collecting samples from environmental media in area with 

viable habitat. The majority of soil and groundwater samples were collected from interior areas of the 

plant and may not accurately characterize risk to ecological receptors. The majority of the Plant Area was 

constructed on fill material composed of slag and other industrial fill material. The affects of slag should 

be considered in the risk evaluation. Constituents detected in slag may not be bioavailable to potential 

ecological receptors. 
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This section summarizes the major components of the RFI and provides conclusions and 

recommendations based an evaluation of the RFI, Human Health Risk Assessment, and Screening Level 

Ecological Risk Assessment results. 

9.1 RFI SUMMARY 

The RFI was completed from May 2004 to March 2005. The scope of the RFI included the installation of 

soil borings and groundwater monitoring wells; collection of surface soil, subsurface soil, groundwater, 

surface water, sediment, and soil gas samples; and hydrogeologic characterization including three 

groundwater level measurement events and aquifer and aquitard hydraulic and physical property testing. 

All aspects of the field investigation and sampling and analysis were completed in accordance with the 

approved RFI Workplan for the Facility. 

Soil gas samples were collected from thirty-five locations in the Hillside Fill Area to further delineate the 

potential presence of subsurface materials containing organic constituents. In order to adequately cover 

the entire area, sample locations were predetermined based on a 1 00-foot grid pattern. Additional 
I 

sample locations were chosen to provide more comprehensive coverage in the vicinity of the North and 

South Tar Wicking Areas. Soil gas samples were analyzed for petroleum hydrocarbons and select 

volatile and semi-volatile organics. 

Fifty-four surface soil samples were collected during the course of the RFI. Forty-four surface soil 

samples were collected from the upper one-foot of soil at each soil boring and monitoring well located in 

the Plant Area using geoprobe or hollow stem augers and split spoon samplers. Surface soil samples 

were also collected from five locations in southern portion of the Plant Area. Finally, background surface 

soil samples were collected from five locations in the Hillside Area. Surface soil samples were analyzed 

for volatile organics, semi-volatile organics, metals, cyanide, ammonia, acetophenone, aniline, 

acetonitrile, pyridine, bis(2-chloroisopropyl) ether, butyl benzyl phthalate, and n-nitroso-di-n-propylamine. 

Fifty-seven discrete subsurface soil samples were collected for laboratory analysis to characterize 

contamination of the subsurface at the Facility. Based on the results of PID screening and field 

observations, at least one subsurface soil interval with the greatest identified potential for contamination 

was targeted for sampling and laboratory analysis. Additional soil samples were selected from several of 

these borings where more than one potentially contaminated zone was identified above the water table. 

If free product was encountered in the boring, the soil immediately adjacent to the product zone was 

sampled. Where field screening did not identify obvious signs of contamination, the soil core interval 

i 
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located directly above the uppermost water bearing zone was sampled. Subsurface soil samples were 

analyzed for volatile organics, semi-volatile organics, metals, cyanide, ammonia, acetophenone, aniline, 

acetonitrile, pyridine, bis(2-chloroisopropyl) ether, butyl benzyl phthalate, and n-nitroso-di-n-propylamine. 

In order to evaluate the physical characteristics of the fill material in the perched groundwater zone and 

naturally occurring soils in the alluvial aquitard and alluvial aquifer, thirteen additional subsurface soil 

samples were collected for analysis of physical properties. 

Fourteen surface water samples and corresponding stream sediment samples were collected from 

Mahan's Run and two small contributory seeps/streams (SPH01 and SPH02) flowing into Mahan's Run in 

order to determine if any alteration of surface water and stream sediment quality has occurred as a result 

of constituents potentially released from the Hillside Fill Area. These samples were analyzed for volatile 

organics, semi-volatile organics, metals, cyanide, ammonia, acetophenone, aniline, acetonitrile, pyridine, 

bis(2-chloroisopropyl) ether, butyl benzyl phthalate, and n-nitroso-di-n-propylamine. Surface water 

samples were also analyzed for BOD, COD, TSS, TDS, TOC, alkalinity, and hardness. Sediment 

samples were also analyzed for TOC. 

Temporary piezometers were installed in twenty-nine of the Plant Area soil borings to obtain water level 

measurements and groundwater samples from the perched zone at the completion of drilling. In addition, 

twenty-nine permanent groundwater monitoring wells were installed at fifteen locations (six nested pairs, 

four nested triplets, and five single well locations) throughout the Facility for the collection of groundwater 

elevation measurements and groundwater samples for the RFI. Thirty-nine previously installed wells 

were also used for groundwater elevation measurement and sampling locations. Of the wells installed 

specifically for the RFI, twenty-four were installed in the Plant Area at ten nested locations (MWB1 

through MWB3, MWC1 through MWC4, and MWD1 through MWD3}. The P-series wells were screened 

across the perched water table, the 1-series wells were screened in the upper portion of the alluvial 

aquifer, and the D-series wells were screened in the lower portion of the alluvial aquifer. The thirty-two 

previously installed wells in the Plant Area were also screened in the perched, upper and lower alluvial, 

aquifer. Five wells were installed in the Hillside Area to monitor perched groundwater downgradient of 

identified source areas within the Hillside Fill Area. Groundwater samples were obtained from soil borings 

(May 2004 through June 2004) and from monitoring wells (November 2004 through January 2005). 

Groundwater samples were analyzed for volatile organics, semi-volatile organics, total and dissolved 

metals, cyanide, ammonia, acetophenone, aniline, acetonitrile, pyridine, bis(2-chloroisopropyl) ether, butyl 

benzyl phthalate, and n-nitroso-di-n-propylamine. Additionally, field measurements of specific 

conductance, pH, temperature, turbidity, dissolved oxygen, oxidation reduction potential (redox), and 

turbidity were obtained. Finally, groundwater samples were analyzed for biogeochemical parameters 

used as indicators of biodegradation of organic contaminants. 
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All monitoring wells were surveyed in accordance with the requirements specified in the approved 

workplan and water level measurements were obtained on three separate occasions. Two staff gages 

were established on the Ohio River and three on Mahan's Run for the collection of readings during the 

monitoring well water level measurements. Aquifer properties (i.e., hydraulic conductivity) were 

characterized via slug testing. Hydraulic gradients were determined based on the results of water level 

measurements. 

All organic and inorganic analytical data collected to characterize contamination at the Facility were 

subjected to third party data validation in accordance with the requirements outlined in the RFI workplan. 

Based on a review of the analytical data, it was determined that a baseline human health risk assessment 

and an ecological risk assessment were warranted for environmental media at the Facility. These risk 

assessments considered multiple receptor groups and exposure pathways and were completed under 

both existing and future land use conditions. 

A Phase I Environmental Site Assessment (ESA) was also completed for four properties within the Facility 

that are currently or were formerly leased to outside companies or contractors. Current leased properties 

include Murphy Consolidated Industries and Provenzano Trucking, and former leased properties include 

Murphy Construction and PGT Trucking. The Phase I ESA Report was submitted to USEPA under 

separate cover along with this RFI Report. The results of the Phase I ESA were used to guide the RFI in 

those areas. Other recommended actions based on the ESA that were not addressed during the RFI are 

discussed in Section 9.3. 

A Human Health Risk Assessment (HHRA) and Screening Level Ecological Risk Assessment (SLERA) 

were performed at the completion of the RFI field investigation and data evaluation. The HHRA and 

SLERA included an initial screening of all analytical data to identify Constituents of Concern (COG) and 

the development of a CSM identifying potentially complete exposure pathways for both human and 

ecological receptors. Identified COGs were then evaluated quantitatively to assess risks associated with 

each complete exposure pathway. 

9.2 CONCLUSIONS 

The following major conclusions were reached based on the results of the RFI data evaluation, HHRA, 

and the SLERA. 
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• Complete exposure pathways for human receptors include ingestion, dermal contact, and 

inhalation. 

• Unacceptable cancer risk to industrial workers was identified for four areas of the Facility, 

including the former Allied Oils AST Area, the Byproducts Area, the Sinter Plant Ore Storage 

Area, and the Raw Materials Storage Area. Of these areas, only the Byproducts Area is currently 

occupied by site workers on a regular basis. It should also be noted that the calculated risk for 

the Allied Oil AST Area and the Sinter Plant Ore Storage Yard only marginally exceeded 1 E-4, 

the upper end of USEPA's acceptable risk range (calculated risks were1.5E-4 and 1.4E-4, 

respectively). 

• Unacceptable non-cancer risk to commercial/industrial workers was identified only for the Murphy 

Consolidated and Murphy Construction Leased Properties. The calculated Hazard Index 

(accounting for non-cumulative effects) for both of these areas was 1.1, only marginally 

exceeding the acceptable value of 1.0. The constituents primarily driving the noncancer risk 

calculations include iron and manganese. These constituents are likely related to the slag and 

other industrial fill materials that have been placed historically across the Facility (and throughout 

the Ohio River valley). Based on the available information, no further assessment of non-cancer 

risks related to surface soil is warranted. 

• Unacceptable risks to ecological receptors were identified for the Plant Area. Constituents driving 

the risk equations include aluminum, manganese, and several heavy metals. Again, these 

constituents may be related to the widespread industrial fill materials. It should also be noted that 

the surface soil analytical results used to calculate ecological risks were from samples collected 

within the heavily industrialized portions of the Facility where viable habitat for ecological 

receptors was not found to exist. No surface soil samples were collected from the areas of the 

Facility where viable habitat was identified. Therefore, the calculated risk for exposure to surface 

soils by ecological receptors is highly conservative. 

• The only surface soil samples collected in the Hillside Area were from five locations located in the 

wooded area upslope from the Hillside Fill Area. These samples were intended to represent 

background surface soil conditions. However, elevated concentrations of PAHs were identified in 

two samples (SSH1 and SSH2), indicating that these locations may have been impacted by the 
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historical handling of coal tar derivative materials in the vicinity of the North Tar Wicking Area. 

Because of these potential impacts, the background surface soil data set could not be used for 

statistical comparison to the on-site surface soil sampling results. 

• The Phase I ESA identified portions of the Murphy Consolidated and Provenzano Trucking 

Leased Properties where waste materials that had leaked from containers or had been placed by 

the contractor (lessee) on the ground. The ESA recommended that these waste materials and 

any impacted surface soils be removed and that surface soil samples be collected from these 

areas after the wastes/impacted soils are removed. 

Subsurface Soil 

• Multiple organic and inorganic constituents were identified in subsurface soil. 

• The only complete pathway for human receptors under current land use conditions is 

volatilization to indoor air and subsequent inhalation of VOCs. Complete exposure pathways 

under future realistic land use conditions also include ingestion, dermal contact, and inhalation 

by construction workers during on-site excavations. 

• Unacceptable risk to commercial/industrial workers was identified related to the vapor intrusion 

to indoor air pathway. Note that this risk was calculated based on the highest concentrations of 

VOCs identified in subsurface soil at the Facility and, therefore, is conservative. Unacceptable 

risk was also identified for potential future construction workers (during excavation) based on 

direct contact with subsurface soils. Exposure to contaminated soil or free product in the 

subsurface by construction workers can be minimized by implementing appropriate institutional 

and engineering controls (health and safety procedures). 

Groundwater 

• The uppermost groundwater beneath the Plant Area lies within a perched zone at the base of the 

slag fill approximately 1 0 to 15 feet below ground surface. This perched groundwater rests on the 

silty clay deposits that form the original flood plain adjacent to the Ohio River. Based on the 

available information, the perched groundwater does not discharge directly to the Ohio River, but 

does infiltrate downward into the underlying silty clay aquitard. The silty clay aquitard is 

approximately 25 feet thick and is underlain by sand and gravel deposits that form the highly 

permeable alluvial aquifer that extends throughout the Ohio River valley. Groundwater flow within 

the alluvial aquifer beneath the Facility is generally westward with discharge to the Ohio River. 
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The uppermost groundwater beneath the Hillside Area is perched at the soil/bedrock interface. 

This perched groundwater follows the bedrock topography and ultimately discharges to Mahan's 

Run. 

• Multiple organic and inorganic constituents were detected in the three groundwater zones 

described above. Relatively high concentrations of VOCs and SVOCs were detected in the 

perched zones near contaminant sources such as the Tar Wicking Areas in the Hillside Fill Area 

and the Byproducts Area/former Light Oil Refining Area in the Plant Area. Constituent 

concentrations detected in the alluvial aquifer beneath the Plant Area were significantly lower 

than in the overlying perched aquifer. 

• Based on surface water sampling results, groundwater discharge is not having a significant 

adverse impact on Mahan's Run. Based on calculations considering assimilative capacity on the 

Ohio River, groundwater discharge from the alluvial aquifer is not having a significant adverse 

impact on the Ohio River. 

• Groundwater is not used or planned to be used for either potable or industrial purposes at the 

Facility. Potentially complete groundwater exposure pathways to humans under current and 

realistic future use conditions include ingestion, dermal contact and inhalation of VOCs by 

construction workers during on-site excavations and vapor intrusion and inhalation of indoor air 

by on-site workers. 

• Risks to on-site industrial/commercial workers were found to be acceptable. Unacceptable risk 

was identified for construction workers based on direct contact with groundwater during 

excavations. 

• Unacceptable risks to ecological receptors were identified for terrestrial plants exposed to 

groundwater along the banks of the Ohio River in the Plant Area and Mahan's Run in the Hillside 

Area. Note that this risk is calculated based on the highest concentrations of constituents 

identified in groundwater in the Main Plant and Hillside Areas. Constituent concentrations in 

groundwater near the stream and river shorelines are expected to be significantly lower. 

Therefore, the calculated risks are conservative. Furthermore, the constituents driving the risk 

calculations include aluminum, iron, manganese, and zinc. These constituents are not 

necessarily related to Facility operations and may be naturally occurring or from other sources 

such as slag or other industrial fill materials. 
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• Free product was identified in the subsurface at several locations during the RFI, including: 

1) coal tar derivative materials near the North and South Tar Wicking Areas in the Hillside Fill 

Area; 2) coal tar derivative materials in the former Ash Screening Area; 3) light oil and coal tar in 

the Byproducts Area; and 4) coal tar near the Tar Pipeline Release Area near the coal storage 

pits. Coal tar derivative materials have also reportedly been disposed in the former BOF 

Residuals Area and Plant Debris Area. The extent of coal tar derivative materials near the North 

and South Tar Wicking Areas and in the former Ash Screening Area was well delineated during 

the RFI. The extent of free product within the Byproducts Area has not been as well defined. 

Based on the existing groundwater monitoring well network, there is no evidence that the free 

product is migrating beyond the Byproducts Area towards the Ohio River. However, no 

monitoring wells are located downgradient of the former Light Oil Refining Area, where free 

product and very high concentrations of dissolved phase constituents have been detected. Coal 

tar is currently being recovered from the subsurface at the Tar Pipeline Release Area as an 

Interim Measure. 

Surface Water 

• Risks related to human exposures to surface water in Mahan's Run were acceptable. 

Unacceptable risks to ecological receptors were identified for aquatic receptors in Mahan's Run. 

Based on calculations considering groundwater discharge and the assimilative capacity on the 

Ohio River, risks to both human and aquatic receptors in the Ohio River are acceptable. 

Sediment 

• Risks related to human exposures to sediment in Mahan's Run were acceptable. Unacceptable 

risks to ecological receptors were identified for aquatic receptors in Mahan's Run. It should be 

noted that copper was the only constituent driving the calculated risk. Copper is not known to be 

related to Facility operations and may be naturally occurring or related to other sources. 

9.3 RECOMMENDATIONS 

Based on the results of the RFI evaluation and the conclusions presented in the previous section, several 

data gaps were identified that should be addressed before completing the RFI phase and proceeding with 

remedial decision-making. A summary of the data gaps and additional investigation activities 

recommended to address each is presented below. 
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• Additional surface soil samples should be collected in the four areas were carcinogenic risks 

were identified (Allied Oil AST Area, Byproducts Area, Sinter Plant Ore Storage Area, and the 

Raw Materials Storage Area). An insufficient number of samples was collected in these 

areas to define area-wide risk or for remedial decision-making. The locations of the 

additional samples would be selected to provide a more representative data set for area-wide 

risk evaluation and to better define hot spots that may require remediation. 

• Additional surface soil samples should be collected in areas where viable on-site habitat has 

been identified to provide analytical data for a more realistic evaluation of exposures to 

ecological receptors. The presence of slag and industrial fill materials in these areas should 

be noted and their effects on detected constituent concentrations should be considered in the 

evaluation. 

• Additional surface soil sampling should be performed in the Hillside Area to further evaluate 

the elevated PAH concentrations identified at original background sampling locations SSH1 

and SSH2. As part of this sampling program, representative background sampling locations 

should be identified and surface soil samples collected to develop a background data set that 

is suitable for statistical comparison to analytical data from on-site samples. 

• The waste/contaminated soil removal and subsequent confirmatory surface soil sampling on 

the Murphy Consolidated and Provenzano Trucking Leased Properties should be completed 

as recommended in the Phase I ESA Report. 

• Existing on-grade or below-grade structures/buildings that are regularly occupied by workers 

should be identified. Further assessment of these structures should be performed, including 

an evaluation of their proximity to VOCs in the subsurface and the potential for vapor 

intrusion and resulting exposure by inhalation of indoor air. This evaluation could include 

sampling and analysis of soil vapor, sub-slab vapor or indoor air. The existing OSHA worker 

monitoring program for the Facility should also be considered in this evaluation. 

• Additional assessment of risks to ecological receptors based on exposure to shallow 

groundwater, sediment, and surface water of Mahan's Run should be performed. This 

assessment could include additional groundwater, surface water, or sediment sampling and 

analysis, or a more detailed evaluation of potential receptor populations. 
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• Additional groundwater monitoring wells should be installed in the perched zone 

downgradient of the former Light Oil Refining Area to assess the potential for migration of 

free product and dissolved phase contamination towards the Ohio River in that area. 
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Scenario= Adult Industrial Worker 
Medium/Exposure Incidental Ingestion of Surface Soils 

CD! (mg/kg/d)= (C.IWCF*FI.EF.ED)/(BW.AT) 
ILCR = CDI.CSFo 
HQ = CDI/R!Do 

Parameter Units 
CDI mg/kg/d 

ILCR NA 
CSFo 1/(mg/kg/d) 
HQ NA 

RfDo mg/kg/d 
c mg/kg 

IR-S mg/day 
CF kg/mg 
Fl NA 
EF days/year 
ED years 
BW kg 

AT-C days 
A T-N days 

Parameter 
7429905 ~~tf~if!l'l!lnl;i~lfi!:<•i' · '.?!;1\.~~-
7440360 Antimony 
7440382 Arsenic 

18540299 Chromium _(VI) 
7439896 Iron 
7439965 Ml:lr:idlilii!i~~~i;,:;;, , , · . • ·· :-·c~\\'X:'''' 
7440280 Thallium 
7440622 Vanadium 

205992 Benzo b]fluoranthene 
56553 Benzo a]anthracene 
50328 Benzo a]py_rene 

207089 Benzo k]fluoranthene 
53703 Dibenz a, h) anthracene 

193395 lndeno 1 ,2,3-cd)pyrene 

NOTES. 
- Not applicable. 

NA- Toxicity criterion not available. 
% Contribution for this pathway only 

Description 
Chronic daily intake 
Incremental lifetime cancer risk 
Oral cancer slope factor 
Hazard quotient 
Oral reference dose 
Concentration of chemical in soil 
Ingestion rate of soil 
Conversion factor 
Fraction of soil ingested from site 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

c CSFo 
(mg/kg) 1/(mg/kg/d) 

~grw:zwJ!I-~J:a; 10/YNAff<':~i ;~' ~~,:~1,1'0'jilfj 

11.40 NA 
17.13 1.5E+00 

678.30 NA 
222953.70 NA 
i?§26'g,1'~8f, I''• :Kol> ,F:( .•: 

10.50 NA 
231.32 NA 
53.92 7.3E-01 
28.44 7.3E-01 
25.00 7.3E+00 
17.85 7.3E-02 
3.90 7.3E+00 

32.61 7.3E-01 

A-Former Allied No. 6 Surface Soil Risk Calculations. xis (lnd-lng) 

Former Allied Oil AST Area 

Value 
cs (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 
50 

1.00E-06 
1 

250 
25 
70 

25,550 
9,125 

Carcinogens L Noncarcinogens 
R!Do CDI 1% Contrib.l CDI I% Contrib. Oral 

(mg/kg/d) (mg/kg/d) ILCR ITotaiiLCRI (mg/kg/d) HQ I HI Bioaccessibility 
ii,~~Q~(i)-~"P%'t!JiJtt~ $;\~>sre~;~aw %.,· ~ _,~S0:2~ ~~:!S20Bll:t:%W4 

4.0E-04 2.0E-06 -- -- 5.6E-06 1.39E-02 1% 
3.0E-04 3.0E-06 4.5E-06 8% 8.4E-06 2.79E-02 2% 
3.0E-03 1.2E-04 -- -- 3.3E-04 1.11E-01 8% 1 

·3.0E-01 3.9E-02 -- -- 1.1E-01 3.64E-01 25% 
lfi(· $:tE:ros\1l'l~ ,;{,. fwW.m:~:Ett'f2Wi :!!7!.:9:aetaf~ j\~'6'6?-~ 1 

7.0E-05 1.8E-06 -- -- 5.1E-06 7.34E-02 5% 1 
1.0E-03 4.0E-05 -- -- 2.8E-05 2.77E-02 2% 0.245 

NA 9.4E-06 6.9E-06 12% 2.6E-05 -- --
NA 5.0E-06 3.6E-06 6% 1.4E-05 -- --
NA 4.4E-06 3.2E-05 57% 1.2E-05 -- --
NA 3.1E-06 2.3E-07 0% 8.7E-06 -- --
NA 6.8E-07 5.0E-06 9% 1.9E-06 -- --
NA 5.7E-06 4.2E-06 7% 1.6E-05 -- --

TotaiiLCR: 5.6E-05 100% Total HI: 1.4 100% 

8.09E-01 
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Scenario= Adult Industrial Worker 
Medium/Exposure= Dermal Exposure to Surface Soils 

DAD (mg/kg/d}=(C*CF* AF* ASS*SA*EF*ED}/(SW* AT) 
ILCR = CDI*CSFd 
HQ = CDI/RIDd 

Parameter 
DAD 
ILCR 
CSFd 
HQ 

RfDd 
c 

CF 
AF 

ASS 
SA 
EF 
ED 
SW 

AT-C 
A T-N 

Parameter 

Units 
mg/kg/d 

NA 
1/(mg/kg/d} 

NA 
mg/kg/d 
mg/kg 
kg/mg 

mg/cm2 
NA 

cm21day 
days/year 

years 
kg 

days 
days 

e.turo!b'Pmx'§~"'~" · 
7440360IAntimony 

NOTES. 

7440382IArsenlc 
18540299IChromium (VI) 

]'4402aQ]ThalliLJrTI 
7440622 Vanadillm 

205992 Senzo 
56553 

53703ID1benz[a,h]anthracene 
193395llndeno(1 ,2,3-cd)pyrene 

-- - Not applicable. 
NA- Toxicity criterion not available. 

o/o Contribution for this pathway only 
Antimony RfDo adjusted by 15% 
Chromium RID adjusted by 2.5% 
Managanse RID adjusted by 4% 
Vanadium RID adjusted by 2.6% 

Description 
Dermally absorbed dose 
Incremental lifetime cancer risk 
Dermal cancer slope factor 
Hazard quotient 
Dermal reference dose 
Concentration of chemical in soil 
Conversion factor 
Soil to skin adherence factor 
Absorption fraction 
Skin surface area available for contact 
Exposure frequency 
Exposure duration 
Sodywelght 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

c 
(mglkg) 

11.40 
17.13 

678.30 
lgg2953. 70 

10.50 
231.32 
53.92 
28.44 

25.00 
17.85 
3.90 

32.61 

ASS 

0.01 
0.03 

0.01 

0.01 

0.01 
0.01 

0.i3 
0.13 

0.i3 
0.i3 
0.13 
0.13 

CSFd 
1fln"'IM/L-n/l"'\ 

''iNI\I:i:.:c ... 
NA 

1.5E+00 
NA 

NA 

NA 
NA 

]'.3E-01 
7.3E-01 
7.3E+OO 
7.3E-02 
7.3E+OO 
7.3E-01 

A-Former Allied No. 6 Surface Soil Risk Calculations.xls (lnd-Derm) 

I 

Value 
CS (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 

1.00E-06 
0.20 
cs 

3,300 
250 
25 
70 

25,550 
9,125 

RIDd 
(mglkg/d} 

6.0E-05 
3.0E-04 
7.5E-05 
3.0E-01 

7.0E-05 
2.6E-05 
~ 

NA 
1\iA 
1\iA 

NA 
NA 

DAD 
(mg/kg/d) 

2.6E-07 
1.2E-06 
1.6E-05 

5.1E:03 

2.4E-07 
5.3E-06 

_1.6E-05 
8.5E-06 

7.5E-06 
5.4E-1 

.2E-t 
9.8 

TotaiiLCR: 

I 

I o/o Contrib., DAD 
ILCR TotaiiLCR t~Milmt~\ 

--
1.8E-06 

--
--
--
--

1.2E-05 
6.2E-06 
5.5E-05 

"'3.9E--7 
8.5E-06 
7.1E-06 
9.1E-05 

--
2% 

--
--
--
--

_13% 
7% 

60% 
--'%" 

100% 

Former Allied Oil AST Area 

HQ 

I 
I "/o Contrib.j 

HI 
Dermal 

~lhillh 
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Scenario= Adult Industrial Worker 
Medium/Exposure Inhalation of Fugitive Dusts from Soils 

CDI (mglkg/d)= (Ca*RR*ET*EF*ED)/(BW*AT) 
Ca = C*(1/PEF) 
ILCR = CDI*CSFo 
HQ = CDI/RfDo 

Parameter Units 
CDI mglkgld 
ILCR NA 
CSFi 1/(mg/kg/d) 
HQ NA 
RfDi mglkg/d 
c mglkg 

Ca mg/m3 
PEF m3/kg 
RR m3/hr 
ET hr/day 
EF days/year 
ED years 
BW kg 

AT·C days 
AT·N days 

Description 
Chronic daily intake 
Incremental lifetime cancer risk 
Inhalation cancer slope factor 
Hazard quotient 
Inhalation reference dose 
Concentration of chemical in soil 
Concentration of chemical in air 
Particulate emission factor 
Respiration Rate 
Exposure Time 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

Former Allied Oil AST Area 

Value 
cs (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 
cs 

1.36E+09 
1 
8 

250 
25 
70 

25,550 
9,125 

(.;arc~nog~_ns 1 Nom.:cmm 
c Ca I CSFi I RfDi CDI I% Contrib.l CDI I% Contrib. 

Parameter 
74299C ... 

(mglkg) mg/m3 11/{mglkg/d~ (mg/Kglc (mglkg/d) ILCR ji_o!aiiLC8l_@gLJ<gld) I HO HI 
1% 

7440360IAntimony I 11.40 I 8.38E·091 NA I NA I 2.3E-10 1 •• 
3.5E-10 5.3E-09 
1.4E-08 5.7E-07 

74406221Vanadium I 231.32 I1.70E-071 NA I NA I 4.8E-09 I •• 
1.1 E-09 •· 
5.8E-10 •• 

. 5.1E·10 1.6E·09 
~~~--~--~~~~~~~~~~--~~~--3~-~7E~·~1~0 •• 

_53703IDibe-nz[a,h]aJ"litiracene_~-~ 3.90~-12.871;~9~91 ·NA---::T- NA -_J-__MI;-11 1 •• 
19~95llndeno{1,2,3-cd)pyrene I 32.61 I2.40E-081 NA I NA I _ 6.7E-10 I •• 

Total ILCR: 5.8E-07 
NOTES: 

· Not applicable. 
NA ·Toxicity criterion not available. 

% Contribution for this pathway only 

A-Former Allied No. 6 Surface Soil Risk Calculations.xls (lnd·lnh) 

. ~ , 

•• I 6.6E·10 I •• .. 
1% I 9.9E-10 I .. I .. 

99% 3.9E-08 1.3E-03 1% 

.. 
·· I 1.3E·08 I •• I •• .. I 3.1 E-09 I .. I .. 
•• 1.6E-09 •• •• 

0% I 1 .4E-09 I .. I .. 
•• 1.0E-09 •• •• 
•• I 2.2E-1 () I •• I •• 
•• I _!.9E-09 I •• I •• 
100%1 TotaiHI: 0.1 100%_ 

1.3E-01 
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Scenario = Adult Construction Worker Former Allied 011 AST Area 
Medium/Exposure Incidental Ingestion of Surface Soils 

CDI (mg/kg/d)= (C*IR*CF*FI*EF*ED)/(BW*AT) 
ILCR = CDI*CSFo 
HQ = CDI/RfDo 

Parameter Units 
CDI mglkg/d 
ILCR NA 
CSFo 1 /(mg/kg/d) 
HQ NA 

RfDo mg/kg/d 
c mg/kg 

IR-S mg/day 
CF kg/mg 
Fl NA 
EF days/year 
ED years 
BW kg 

AT·C days 
A T-N days 

Description Value 
Chronic daily intake cs (Chemical Specific) 
Incremental lifetime cancer risk cs 
Oral cancer slope factor cs 
Hazard quotient cs 
Oral reference dose cs 
Concentration of chemical in soli cs 
Ingestion rate of soil 64 
Conversion factor 1.00E-06 
Fraction of soil ingested from site 1 
Exposure frequency 180 
Exposure duration 1 
Body weight 70 
Averaging time, carcinogens 25,550 
Averaging time, noncarcinogens 365 

CarcinQg_ens Noncarcinoaens 
C CSFo RfDo CDI % Contrib. COl % Contrib. Oral 

Parameter (mg/kal 1/(ma/ka/dl (ma/ka/dl (ma/ka/d) ILCR TotaiiLCR (ma/ka/dl HQ HI Bioaccessibilitv 
7429905 ~H!lmlnJilJlm1D\'f&'ii:irfh\Sl~b£0i!{\;'iJ-~li !2~Z:Q~(i[Q'i ;;;~ii;~NA~~~:fut {'ifi:fJS~o0i:tY;•t1~5t 1fe"'$f;\,3E'RO~- , * ~-19:~-~ :&"91a~J#A<!t~ }&~$l. 
7440360 Antimony 11.40 NA 4.0E-04 7.3E-08 •• •• 5.1 E-06 1.29E-02 1% 
7440382 Arsenic 17.13 1.5E+00 3.0E-04 1.1 E-07 1.7E-07 8% 7.7E·06 2.57E-02 2% 

18540299 Chromium (VI) 678.30 NA 3.0E-03 4.4E-06 •• -· 3.1 E-04 1.02E-01 8% 1 
7439896 Iron 222953.70 NA 3.0E-01 1.4E·03 •• •• 1.0E·01 3.35E-01 25% 
7 439965 M®'9~nes~r ~;:2\; :: • •-;)>~·~:··.tt-~'1 if'S'~"Gv.:wze: b-~·ci.iNA : • . " · ·_ .• i~;,r;., •• 2:oi!~Q2RM''J;'R~;:bti:~ . J. 2:,1;e:~o4 ~;. ~-~it\:\\ts4~*~si ~5!.~'!£o2~1~l~F-o1 w 1 
7440280 Thallium 10.50 NA 7.0E-05 6.8E-08 •• •• 4.7E-06 6.76E-02 5% 1 
7440622 Vanadium 231.32 NA 1.0E-03 1.5E-06 •• •• 2.6E-05 2.56E·02 2% 0.245 
205992 Benzo b fluoranthene 53.92 7.3E-01 NA 3.5E-07 2.5E-07 12% 2.4E-05 -· •• 
56553 Benzo a anthracene 28.44 7.3E-01 NA 1.8E-07 1.3E-07 6% 1.3E-05 •• -· 
50328 Benzo alpyrene 25.00 7.3E+00 NA 1.6E-07 1.2E-06 57% 1.1 E-05 •• •• 

207089 Benzo k fluoranthene 17.85 7.3E-02 NA 1.1 E-07 8.4E-09 0% 8.0E-06 -· •• 
53703 Dibenz[a,h]anthracene 3.90 7.3E+00 NA 2.5E-08 1.8E-07 9% 1.8E-06 •• --

193395 indeno(1 ,2,3-cd)pyrene 32.61 7.3E-01 NA 2.1 E-07 1.5E-07 7% 1.5E-05 •• •• 
TotaiiLCR: 2.1E-06 100% Total HI: 1.3 100% 

NOTES. 
•• • Not applicable. 7.46E-01 
NA - Toxicity criterion not available. 

% Contribution for this pathway only 

A-Former Allied No. 6 Surface Soil Risk Calculations. xis (Cons-lng) 

1.00E+00 
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Scenario= Adult Construction Worker 
Medium/Exposure= Dermal Exposure to Surface Soils 

DAD (mg/kg/d)=(C*CF*AF*ASS*SA*EF*ED)/(SW*AT) 
ILCR = CDI*CSFd 
HQ = CDI/RIDd 

Parameter Units 
DAD mg/kg/d 
ILCR NA 
CSFd 1/(mg/kg/d) 
HQ NA 

RIDd mg/kg/d 
c mg/kg 

CF kg/mg 
AF mg/cm2 

ASS NA 
SA cm2/day 
EF days/year 
ED years 
SW kg 

AT·C days 
AT·N days 

Parameter 
7429905 ~IJlU'oidQiffrASc'~i!S~~ifJifll:i 
7440360 Antimony 
7440382 Arsenic 

18540299 Chromium (VI) 
7439896 Iron 
7439965 'iYI!ingarte:$'~'it%\W;~till::f(&i,I0ttti 
7440280 Thallium 
7440622 Vanadium 
205992 Senzo b]fluoranthene 

56553 Senzo a]anthracene 
50328 Senzo a]pyrene 

207089 Senzo k]fluoranthene 
53703 Diben z[a,h]anthracene 

193395 lndeno 1 ,2,3-cd)pyrene 

NOTES. 
- Not applicable. 

NA ·Toxicity criterion not available. 
% Contribution for this pathway only 
Antimony RIDo adjusted by 15% 
Chromium RID adjusted by 2.5% 
Managanse RID adjusted by 4% 
Vanadium RID adjusted by 2.6% 

Description 
Dermally absorbed dose 
Incremental lifetime cancer risk 
Dermal cancer slope factor 
Hazard quotient 
Dermal reference dose 
Concentration of chemical in soil 
Conversion factor 
Soil to skin adherence factor 
Absorption fraction 
Skin surface area available for contact 
Exposure frequency 
Exposure duration 
Sodyweight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

c CSFd 
(mg/kg) ASS 1/(mg/kg/dl 

~'2:oiaQI:llt!\¥! ~ ~.:'§_..,' ,>" .- .:; 

"""~·'.<>.~ ~ ~ 

11.40 0.01 NA 
17.13 0.03 1.5E+00 

678.30 0.01 NA 
222953.70 O.D1 NA 
~a2s7kt~~ lllili!'!: 0 

10.50 0.01 NA 
231.32 0.01 NA 
53.92 0.13 7.3E-01 
28.44 0.13 7.3E·01 
25.00 0.13 7.3E+00 
17.85 0.13 7.3E-02 
3.90 0.13 7.3E+00 

32.61 0.13 7.3E·01 

R-Former Allied No. 6 Surface Soil Risk Calculations. xis (Cons-Derm) 

Former Allied Oil AST Area 

Value 
cs (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 

1.00E·06 
0.30 
cs 

3,300 
180 

1 
70 

25,550 
365 

Carcinogens Noncarcinogens 
RfDd DAD % Contrib. DAD %Contrib. Dermal 

(mg/kg/dl (mg/kg/dl ILCR TotaiiLCR (mg/kg/dl HQ HI Sioaccessibility 
ihtioa;;Qtt!ll':itifi'" ,d · . JZJJ'!i~e~~ ffit'fit#$,:¥5~~ -~'ic-:R.Wlli I;'I~E;~J1S.I 1!1fi~~- ~l~;o"WP~E.· 

6.0E·05 1.1E·08 .. .. 8.0E-07 1.3E-02 7.8% 
3.0E-04 5.1E-08 7.7E·08 2% 3.6E·06 1.2E·02 7.1% 
7.5E·05 6.8E-07 .. .. 1.5E·07 2.0E·03 1.2% 0.0031 
3.0E·01 2.2E-04 .. .. 1.6E·02 5.2E·02 30.6% 

~>- ····~''k%t ltitlt:E:i:O~. rli!J.:4a£<!i2WJl 1111!(4f'Atf?{% 0.005 
7.0E·05 1.0E·08 .. .. 1.3E·09 1.9E·05 0.0% 0.0018 
2.6E-05 2.3E-07 .. .. 1.9E·06 7.4E·02 44.0% 0.121 

NA 7.0E-07 5.1E·07 13% 4.9E·05 .. .. I 

NA 3.7E·07 2.7E·07 7% 2.6E-05 .. .. 
I 

NA 3.2E-07 2.4E·06 60% 2.3E·05 .. .. I 
NA 2.3E-07 1.7E·08 0% 1.6E·05 .. .. I 
NA 5.1E·08 3.7E·07 9% 3.5E·06 .. .. 

I 
NA 4.2E-07 3.1E·07 8% 3.0E·05 .. .. I 

TotaiiLCR: 3.9E·06 100% Total HI: 0.2 100.0% 

1.6E-02 
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Scenario = Adult Construction Worker 
Medium/Exposure Inhalation of Fugitive Dusts from Soils 

CDI (mg/kg/d)= (Ca*RR*ET*EF*ED)/(BW*AT) 
Ca = C*(1/PEF) 
ILCR = CDI*CSFo 
HQ = CDI/RfDo 

Parameter 
CDI 
ILCR 
CSFi 
HQ 
RfDI 
c 

Ca 
PEF 
RR 
ET 
EF 
ED 
BW 

AT-C 
AT·N 

NOTES: 
- Not applicable. 

NA ·Toxicity criterion not available. 
% Contribution for this pathway only 

Units 
mglkg/d 

NA 
1/(mg/kg/d) 

NA 
mglkg/d 
mg/kg 
mg/m3 
m3/kg 
m3/hr 
hr/day 

days/year 
years 

kg 
days 
days 

Description 
Chronic daily intake 
Incremental lifetime cancer risk 
Inhalation cancer slope factor 
Hazard quotient 
Inhalation reference dose 
Concentration of chemical In soil 
Concentration of chemical in air 
Particulate emission factor 
Respiration Rate 
Exposure Time 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

A-Former Allied No. 6 Surface Soil Risk Calculations.xls (Cons-lnh) 

Former Allied Oil AST Area 

Value 
cs (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 
cs 

1.36E+09 
2.5 
8 

180 
1 

70 
25,550 

365 

2.4E-01 
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Scenario= Adult Resident 
Medium/Exposure Incidental Ingestion of Surface Soils 

CDI (mg/kg/d)= (C*IR*CF*FI*EF*ED)/(BW*AT) 
ILCR = CDI*CSFo 
HQ = CDI/R!Do 

Parameter 
CDI 
ILCR 
CSFo 

HQ 
R!Do 
c 

IR-S 
CF 
Fl 
EF 
ED 
BW 

AT-C 
A T-N 

NOTES: 
- Not applicable. 

NA- Toxicity criterion not available. 
% Contribution for this pathway only 

Units 
mg/kg/d 

NA 
1/(mg/kg/d) 

NA 
mg/kg/d 
mg/kg 
mg/day 
kg/mg 

NA 
days/year 

years 
kg 

days 
days 

Description 
Chronic daily Intake 
Incremental lifetime cancer risk 
Oral cancer slope factor 
Hazard quotient 
Oral reference dose 
Concentration of chemical in soil 
Ingestion rate of soil 
Conversion factor 
Fraction of soil ingested from site 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

A-Former Allied No. 6 Surface Soil Risk Calculations.xls (Res-A-Ing) 

·~ . 
'•:. 

Former Allied Oil AST Area 

Value 
cs (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 
100 

1.00E-06 
1 

350 
30 
70 

25,550 
10,950 

2.27E+00 
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Scenario= Adult Resident Former Allied Oil AST Area 
Medium/Exposure= Dermal Exposure to Surface Soils 

DAD (mg/kg/d)=(C•cF•AF•AsS·sA•EF.ED)/(BW•AT) 
ILCR = CDI•CSFd 
HQ = CDI/RIDd 

Parameter Units 
DAD mg/kg/d 
ILCR NA 
CSFd 1/(mg/kg/d) 
HQ NA 

RIDd mg/kg/d 
c mg/kg 

CF kg/mg 
AF mg/cm2 

ASS NA 
SA cm2/day 
EF days/year 
ED years 
BW kg 

AT-C days 
A T-N days 

Description 
Dermally absorbed dose 
Incremental lifetime cancer risk 
Dermal cancer slope factor 
Hazard quotient 
Dermal reference dose 
Concentration of chemical in soli 
Conversion factor 
Soil to skin adherence factor 
Absorption fraction 
Skin surface area available for contact 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

Value 
cs (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 

1.00E-06 
0.07 
cs 

5,700 
350 
30 
70 

25,550 
10,950 

CarclnQg_ens I - Noncarclnogens 

Parameter 
1 4299o5M:tvJ:olnl'!m~t:E 

%Contrib. 
HI 

0.9% 
74403601Antlmony 11.40 I 0.01 I NA I 6.0E-05 I 2.7E-07 I -- I -- I 6.2E-07 I 1.0E-02 I 7.8% 
74403821Arsenlc 17.13 I 0.03 1.5E+00 3.0E-04 1.2E-06 1.8E-06 2% 

185402991Chromium (VI) 678.30 I 0.01 NA 7.5E-05 1.6E-05 
7439896liron 222953.701 0.01 NA 3.0E-01 5.2E-03 
7439965IIJillfii!9~net~it~1tJ?'&.:~l]!l;,32e7i1i,.;7S,lliVIA!\:ll'IA11;1!11.t!f'M~~,~~?i·t1~8f6'~%;-llfi~~EfO~Ji,'lti~lk%::B&\~~:t.;,r±:~iJ~i~i.!'tt•m 
7440280IThallium I 10.50 I 0.01 I NA I 7.0E-05 I 2.5E-07 
74406221Vanadium I 231.32 I 0.01 I NA I 2.6E-05 I 5.4E-06 
2059921Benzofblfluoranthene I 53.92 I 0.13 I 7.3E-01 I NA I 1.6E-05 
565531Benzofalanthracene I 28.44 I 0.13 I 7.3E-01 I NA I 8.7E-06 
503281Benzofa]pyrene I 25.00 I 0.13 I 7.3E+00 I NA I 7.6E-06 

2070891Benzo[klfluoranthene I 17.85 I 0.13 I 7.3E-02 I NA I 5.4E-06 
53703ID1benzra.h]anthracene I 3.90 I 0.13 I 7.3E+OO I NA I 1.2E-06 

193395llndenol1,2,3-ccl}Q}Irene I 32.61 I 0.13 I 7.3E-01 I NA I 9.9E-06 

NOTES: 
- Not applicable. 

NA -Toxicity criterion not available. 
% Contribution for this pathway only 
Antimony RIDo adjusted by 15% 
Chromium RID adjusted by 2.5% 
Managanse RID adjusted by 4% 
Vanadium RID adjusted by 2.6% 

A-Former Allied No. 6 Surface Soil Risk Calcuiations.xls (Res-A-Derm) 

TotaiiLCR: 

1.2E-05 13% 
6.3E-06 7% 
5.6E-05 60% 
4.0E-07 0% 
8.7E-06 9% 
7.2E-06 8% 
9.2E-05 100% 

J . 

2.8E-06 9.4E-03 7.1% 
1.1E-07 1.5E-03 1.2% 
1.2E-02 4.1E-02 30.6% 

~liit::i"SU 8.4% 
1.0E-09 1.5E-05 0.0% 
1.5E-06 5.8E-02 44.0% 
3.8E-05 
2.0E-05 
1.8E-05 
1.3E-05 
2.8E-06 
2.3E-05 
Total HI: 0.1 100.0% 

1.2E-02 

Dermal 
Bloaccessibility 

0.0031 

0.005 
0.0018 

0.12 
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Scenario = Adult Resident 
Medium/Exposure Inhalation of Fugitive Dusts from Soils 

CDI (mg/kg/d)= (Ca*RR*ET*EF*ED)/(BW*AT) 
Ca = C*(1/PEF) 
ILCR = CDI*CSFo 
HQ = CDI/RfDo 

Parameter 
CDI 

ILCR 
CSFi 
HQ 
RfDi 
c 

Ca 
PEF 
RR 
ET 
EF 
ED 
BW 

AT-C 
A T-N 

NOTES: 
- Not applicable. 

NA- Toxicity criterion not available. 
% Contribution for this pathway only 

Units 
mg/kg/d 

NA 
1/(mg/kg/d) 

NA 
mg/kg/d 
mg/kg 
mg/m3 
m3/kg 
m3/hr 
hr/day 

days/year 
years 

kg 
days 
days 

Description 
Chronic daily intake 
Incremental lifetime cancer risk 
Inhalation cancer slope factor 
Hazard quotient 
Inhalation reference dose 
Concentration of chemical in soil 
Concentration of chemical in air 
Particulate emission factor 
Respiration Rate 
Exposure Time 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

A-Former Allied No. 6 Surface Soil Risk Calculations.xls (Res-A-Inh) 

.• • 

Former Allied Oil AST Area 

Value 
cs (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 
cs 

1.36E+09 
0.833 

7 
350 
30 
70 

25,550 
10,950 

1.4E-01 

Page 1 (1) 
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Scenario = Child Resident 
Medium/Exposure Incidental Ingestion of Surface Soils 

CDI (mg/kg/d)= (C*IR*CF*FI*EF*ED)/(BW*AT) 
ILCR = CDI*CSFo 
HQ= CDI/RIDo 

Parameter 
CDI 
ILCR 
CSFo 

HQ 
RfDo 
c 

IR-S 
CF 
Fl 
EF 
ED 
BW 

AT-C 
A T-N 

NOTES: 
- Not applicable. 

NA- Toxicity criterion not available. 
% Contribution for this pathway only 

Units 
mg/kg/d 

NA 
1/(mg/kg/d) 

NA 
mglkg/d 
mg/kg 

mg/day 
kg/mg 

NA 
days/year 

years 
kg 

days 
days 

Description 
Chronic daily intake 
Incremental lifetime cancer risk 
Oral cancer slope factor 
Hazard quotient 
Oral reference dose 
Concentration of chemical in soil 
Ingestion rate of soil 
Conversion factor 
Fraction of soil ingested from site 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

A-Former Allied No. 6 Surface Soil Risk Calculatlons.xls (Res-Child-ing) 

Former Allied Oil AST Area 

Value 
cs (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 
200 

1.00E-06 
1 

350 
6 

15 
25,550 
2,190 

2.12E+01 

Page 1 (1) 
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Scenario= Child Resident 
Medium/Exposure= Dermal Exposure to Surface Soils 

DAD (mg/kg/d)=(C•cF• AF• ABS•SA*EF•ED)/(BW• AT) 
ILCR = CDI.CSFd 
HQ = CDI/RIDd 

Parameter Units 
DAD mg/kg/d 
ILCR NA 
CSFd 1 /(mg/kg/d) 
HQ NA 

RfDd mg/kg/d 
c mg/kg 

CF kg/mg 
AF mg/cm2 

ABS NA 
SA cm21day 
EF days/year 
ED years 
BW kg 

AT-C days 
AT·N days 

Parameter 
7429905 ~lllmifil[(i;j~'~0,\ful;(,i,;:;;:::i;'.l w~~ 
7440360 Antimony 
7440382 Arsenic 

18540299 Chromium (VI) 
7439896 Iron 
7439965 Mli1'\g'ii'rl~sei-I'·F!t't~it~::,:. :;; 
7440280 Thallium 
7440622 Vanadium 

205992 Benzo[b]fluoranthene 
56553 Benzo[a]anthracene 
50328 Benzo[a]pyrene 

207089 Benzo[k]fluoranthene 
53703 Dibenz[a,h]anthracene 

193395 lndeno(1 ,2,3-cd)pyrene 

NOTES: 
•• • Not applicable. 
NA ·Toxicity criterion not available. 

% Contribution for this pathway only 
Antimony RIDe adjusted by 15% 
Chromium RID adjusted by 2.5% 
Managanse RID adjusted by 4% 
Vanadium RID adjusted by 2.6% 

Description 
Dermally absorbed dose 
Incremental lifetime cancer risk 
Dermal cancer slope factor 
Hazard quotient 
Dermal reference dose 
Concentration of chemical in soil 
Conversion factor 
Soli to skin adherence factor 
Absorption fraction 
Skin surface area available for contact 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

c CSFd 
(mg/kg) ABS 1/(mg/kg/d) 

t.~'Qt®Z:QO, w:.:wo::O';f:~;r,,~. -'Sft};~.-!~~~&~';;J~~,fl\~:f £?&."~; 
11.40 0.01 NA 
17.13 0.03 1.5E+00 

678.30 0.01 NA 
222953.70 0.01 NA 
~s.2e~li7:a.\ ¥~in·,,~ ;.::;,,;,;{;.;.~;If,(; 

10.50 0.01 NA 
231.32 0.01 NA 
53.92 0.13 7.3E-01 
28.44 0.13 7.3E·01 
25.00 0.13 7.3E+OO 
17.85 0.13 7.3E·02 
3.90 0.13 7.3E+OO 

32.61 0.13 7.3E-01 

A-Former Allied No. 6 Surface Soil Risk Calculations.xls (Res-Child-Derm) 

Former Allied Oil AST Area 

~ 
cs (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 

1.00E·06 
0.20 
cs 

2,800 
350 

6 
15 

25,550 
2,190 

vi:UGIIIUgem; I'I:UIJGC:lfliiii~Y~I I:S 

RIDd DAD % Contrib. DAD % Contrib. Dermal 
(mg/kg/d) (mg/kg/d) ILCR TotaiiLCR (mg/kg/d) HQ HI Bioaccessibilit~ 

%llll'BdJ!il!lt:\11'fJ1j1f.t~t@f:1.' :,\{6\l(IE~l!l b-,;;',"ii:\i li\mi%k~~i&I!i\ t¥iZr4E£~1li IE'4~0Sl wswo:~~ 
6.0E·05 3.5E-07 .. .. 4.1E·06 6.8E·02 7.8% 
3.0E·04 1.6E·06 2.4E-06 2% 1.8E-05 6.1E·02 7.1% 
7.5E-05 2.1E-05 .. .. 7.5E-07 1.0E·02 1.2% 0.0031 
3.0E·01 6.8E·03 .. .. 8.0E-02 2.7E·01 30.6% 

., ~ iFc\i.:;~;F:ii'~ :itl/ ->A .. ·. 'iiOS:tt ziiaei.et21 ltt8~D 0.005 
7.0E·05 3.2E·07 .. .. 6.8E·09 9.7E-05 0.0% 0.0018 
2.6E·05 7.1E·06 .. .. 9.9E·06 3.8E-01 44.0% 0.12 

NA 2.2E·05 1.6E-05 13% 2.5E·04 .. .. 
NA 1.1E·05 8.3E-06 7% 1.3E·04 .. .. 
NA 1.0E-05 7.3E·05 60% 1.2E-04 .. .. 
NA 7.1E·06 5.2E·07 0% 8.3E·05 .. .. 
NA 1.6E-06 1.1E·05 9% 1.8E·05 .. .. 
NA 1.3E·05 9.5E·06 8% 1.5E-04 .. .. 

[otaiiLCR: 1.2E·04 100% Total HI: 0.9 100.0% 

8.1E·02 

Page 1 (2) 
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Scenario = Child Resident 
Medium/Exposure Inhalation of Fugitive Dusts from Soils 

CDI (mg/kg/d)= (Ca*RR*ET*EF*ED)/(BW*AT) 
Ca = C*(1/PEF) 
ILCR = CDI*CSFo 
HQ = CDI/RfDo 

Parameter 
CDI 
ILCR 
CSFi 
HQ 
RfDi 
c 

Ca 
PEF 
RR 
ET 
EF 
ED 
BW 

AT-C 
A T-N 

NOTES: 
- Not applicable. 

NA- Toxicity criterion not available. 
% Contribution for this pathway only 

Units 
mglkg/d 

NA 
1/(mglkg/d) 

NA 
mglkg/d 
mglkg 
mg/m3 
m3/kg 
m3/hr 
hr/day 

days/year 
years 

kg 
days 
days 

Description 
Chronic daily intake 
Incremental lifetime cancer risk 
Inhalation cancer slope factor 
Hazard quotient 
Inhalation reference dose 
Concentration of chemical in soil 
Concentration of chemical in air 
Particulate emission factor 
Respiration Rate 
Exposure Time 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

A-Former Allied No. 6 Surface Soil Risk Calculations.xls (Res-Child-lnh) 

Former Allied Oil AST Area 

Value 
cs (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 
cs 

1.36E+09 
0.5 
7 

350 
9 

70 
25,550 
3,285 

8.1E-02 
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FORMER ALLIED OIL AST AREA 

Adult Construction Worker LICR HQ HQ HQ 
no target orgs other effects 

Ingestion 4.0E-07 0.69 0.47 0.23 
Dermal Contact 6.0E-07 0.09 0.01 0.09 
Inhalation 3.1E-08 0.15 0.15 0.00 

1.03E-06 0.94 0.63 0.31 

subsurface soils 



.' 

Scenario = Adult Construction Worker 
Medium/Exposure Incidental Ingestion of Subsurface Soils 

CDI (mg/kg/d)= (C*IR*CF*FI*EF*ED)/(BW*AT) 
ILCR = CDI*CSFo 
HQ = CDI/RfDo 

Parameter 
CDI 
ILCR 
CSFo 

HQ 
RfDo 
c 

IR-S 
CF 
Fl 
EF 
ED 
BW 

AT-C 
A T-N 

NOTES: 
- Not applicable. 

NA- Toxicity criterion not available. 
% Contribution for this pathway only 

Units 
mg/kg/d 

NA 
1/(mg/kg/d) 

NA 
mg/kg/d 
mg/kg 

mg/day 
kg/mg 

NA 
days/year 

years 
kg 

days 
days 

Description 
Chronic daily intake 
Incremental lifetime cancer risk 
Oral cancer slope factor 
Hazard quotient 
Oral reference dose 
Concentration of chemical in soil 
Ingestion rate of soil 
Conversion factor 
Fraction of soil ingested from site 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

A-Former Allied No. 6 SubSurface Soil Risk Calculations.xls (Cons-lng) 

Former Allied Oil AST Area 

Value 
cs (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 
64 

1.00E-06 
1 

180 
1 

70 
25,550 

365 

4.69E-01 

Page1 (1) 
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Scenario= Adult Construction Worker 
Medium/Exposure= Dermal Exposure to Subsurface Soils 

DAD (mg/kg/d)=(C'CF'AF'ABS'SA'EF'ED)/(BW'AT) 
ILCR = CDI'CSFd 
HQ = CDI/RIDd 

Parameter 
DAD 
ILCR 
CSFd 

Units 
mg/kg/d 

NA 
1/(mg/kg/d) 

HQ 
RfDd 
c 

CF 
AF 

ABS 
SA 
EF 
ED 
BW 

AT-C 
A T-N 

Parameter 
7 4403821Arsenic 

NA 
mg/kg/d 
mg/kg 
kg/mg 

mg/cm2 
NA 

cm21day 
days/year 

years 
kg 

days 
days 

185402991Chromium{VI)-
7439896 Iron 
7 439965 Ma~ries~~'\'"''*11~-h\:-,~ ;;;, · 
74406221Vanadium 

2059921Benzo[b]fluoranthene 
565531 Benzo[ a ]anthracene 
503281 Benzo[a]pyrene 
537031Dibenz[a,h]anthracene 
714321Benzene 

1 0706211 ,2 Dichloroethane 
1 08883~loi:U~ne· ',·-~; ~-C:t~ · 

13302oit;ptaFXylehe;,,:~. ' ,., ·< .. 

Description 
Dermally absorbed dose 
Incremental lifetime cancer risk 
Dermal cancer slope factor 
Hazard quotient 
Dermal reference dose 
Concentration of chemical in soil 
Conversion factor 
Soil to skin adherence factor 
Absorption fraction 
Skin surface area available for contact 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

c 
(mg/kg) I ABS 

1.34E+01 I 0.03 
4.53E+02I 0.01 
7.82E+04 
'2:oa~;¥Q4:.: t 

CSFd 
1/(mg/kg/d) 

1.5E+00 
NA 

Value 
CS (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 

1.00E-06 
0.30 
cs 

3,300 
180 
1 

70 
25,550 

365 

RIDd 
(mg/kg/d) 

3.0E-04 
7.5E-05 

Carcinogens 
DAD 

(mg/kg/d) I ILCR 
4.0E-08 I 6.0E-08 
4.5E-07 
7.8E-05 

:•• .2::rg;ps;.~>;, '§:j<<:<w,-

1.76E+021 0.01 I NA I 2.6E-05 1.8E-07 .. 
4.90E+00 I 0.13 I 7.3E-01 NA 6.3E-08 4.6E-08 
5.70E+00 I 0.13 I 7.3E-01 NA 7.4E-08 5.4E-08 
4.20E+00 I 0.13 I 7.3E+00 NA 5.4E-08 4.0E-07 
4.14E-01 I 0.13 I 7.3E+00 NA 5.4E-09 3.9E-08 
2.60E+00 I 0.03 I 5.5E-02 4.0E-03 7.8E-09 4.3E-10 
2.96E-03 I 0.03 I 9.1 E-02 2.0E-02 8.9E-12 8.1E-13 

• < •• \\it•l;~~~g~~~: • ·:,~!:'\~J%~3~9E~10.' ',NA 
:·.: NA'·•' 

Former Allied Oil AST Area 

Noncarcinogens 

% Contrib., DAD I 
TotaiiLCR (mg/kg/d) HQ 

10% I 2.8E-06 I 9.4E-03 I 9.9% 

8% 
9% 
67% 
7% 
0% 
0% 

9.8E-08 I 1.3E-03 I 1.4% I 0.0031 
5.5E-03 
·---'1'7'i;i;;~~::m::m~~..,==;'"?:.,';;''"i"':~-"'·:.::;o·~,o;::o~·s 

1.5E-06 I 5.7E-02 I 59.8% I 0.12 
4.4E-06 
5.2E-06 
3.8E-06 
3.8E-07 
5.4E-07 I 1.4E-04 I 0.1% 
6.2E-10 I 3.1E-08 I 0.0% 

:~0., 

TotaiiLCR: 6.0E-07 100% I Total HI: 0.09 100.0% 
NOTES: 

- Not applicable. 
NA ·Toxicity criterion not available. 

% Contribution for this pathway only 
Chromium RID adjusted by 2.5% 
Managanse RID adjusted by 4% 
Vanadium RID adjusted by 2.6% 

A-Former Allied No. 6 SubSurface Soil Risk Calculations.xls (A-Former Allied No. 6 SubSurface Soil Risk Calculations. xis) 

.• • 

9.1E-03 

Page 1 (1) 
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Scenario = Adult Construction Worker Former Allied Oil AST Area 
Medium/Exposure Inhalation of Fugitive Dusts from Soils 

CDI (mg/kg/d)= (Ca•RR•ET•EF.ED)/(BW•AT) 
Ca = c•(1/PEF) 
ILCR = CDI.CSFo 
HQ = CDI/RfDo 

Parameter Units 
CDI mglkg/d 
ILCR NA 
CSFi 1/(mglkg/d) 
HQ NA 
RfDi mg/kg/d 

c mg/kg 
Ca mg/m3 

PEF m3/kg 
RR m3/hr 
ET hr/day 
EF days/year 
ED years 
BW kg 

AT-C days 
A T-N days 

Description 
Chronic daily intake 
Incremental lifetime cancer risk 
Inhalation cancer slope factor 
Hazard quotient 
Inhalation reference dose 
Concentration of chemical in soil 
Concentration of chemical in air 
Particulate emission factor 
Respiration Rate 
Exposure Time 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

Value 
cs (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 
cs 

1.36E+09 
2.5 
8 

180 
1 

70 
25,550 

365 

c cSFi I RfDi 1---=c""D.,...I __:;=r-::.::..:..:~;.:.:;.."""="-=-.,...-::-l--==~..:.r=~=~ 

NOTES: 

Parameter I (mg/kg) I (mg/m3) I (m3/kg)-1 I (mg/m3) 11/(mg/kg/dj (mglkg/d) I (mg/kg/d) I ILCR ITotaiiLCRI (mg/kg/d) I HQ I HI 
74403821Arsenic I1.34E+01 I 9.87E-09 I -- I -- 11.51 E+01 I NA I 2.0E-11 I 3.0E-10 I 1% I 1.4E-09 

185402991Chromium (VI) I 4.53E+021 3.33E-07 I -- I -- I 4.1 OE+01 I 3.00E-05 I 6.7E-1 0 I 2.7E-08 I 90% I 4.7E-08 I 1.6E-03 I 1% 
7439896 Iron 

.:;;,;;;;;.:743,99:!~'9 Miii:i:\ al:tes:e·.;·:::¥'~;t.· · 
7440622 Vanadium 

2059921Benzq{Qlfluoranthene I4.90E+OOI3.60E-09I -- I -- I NA I NA I 7.3E-12 I -- I -- I 5.1E-10 
565531Benzo(a]lmthracene I5.70E+00 I 4.19E-09 I -- I -- I NA I NA I 8.4E-12 I -- I -- I 5.9E-10 
503281Benzo[a]pyrene I4.20E+00 I 3.09E-09 I -- I -- I3.10E+00 I NA I 6.2E-12 I 1.9E-11 I 0% I 4.4E-10 
53703IDibenz[a,h]anthracene I 4.14E-01 I 3.05E-10 I -- I -- I NA I NA I 6.1E-13 I -- I -- I 4.3E-11 
714321Benzene 12.60E+OOI -- I 1.98E-05 I5.14E-0512.70E-02I 8.60E-03 I 1.0E-07 I2.8E-09I 9% I 7.2E-06I 8.4E-041 1% 

10706211,2 Dichloroethane I 2.96E-03I -- I 1.26E-05 I 3.74E-08 I 9.10E-021 7.00E-01 I 7.5E-11 I 6.9E-12 I 0% I 5.3E-09 I 7.5E-09 I 0% 
1088831Ton.time;~ ·. , •· ·.·l·1.3oE~oll ••• · · 1 1A2Eio5• Ft'i'84E-o6d NA 1 1:l4E~o1·. 1 • 3.7E'o9 .··. • 1 :~- :::;:I~J;:':':'""'(i,ir:li!~ZeE4.Q?;f 2!3E;os,n·•:obfci;:J;,;:o 

13302071Total Xylene ··I l.33E-01 + · . •. I 9.29E·06 · I1· .. 24E-06 LJ'J£1~-__]··. · 3.00E;,02 •· I ·•· 2.5E-69 •·1:· ' <: · I<'•; •;~ ··•:~·1'<1:7E:07>1'. s:8E:o6 [ ·• .· o% . ,, 
Total ILCR: 3.1 E-08 100%1 Total HI: 0.2 100% 

- Not applicable. 1.5E-01 
NA- Toxicity criterion not available. 

% Contribution for this pathway only 

A-Former Allied No. 6 SubSurface Soil Risk Calculations.xls (Cons-lnh) Page 1 (1) 
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Coke Byproducts Surface Soil 
ICR HI HI HI 

Adult Resident no target orgs CNS other effects 
Ingestion 3.6E-04 0.97 0.49 0.48 
Dermal Contact 1.8E-04 0.32 0.04 0.28 
Inhalation 7.8E-08 0.03 0.03 0.00 
Total 5.4E-04 1.31 0.55 0.76 

Child Resident 
Ingestion 6.7E-04 9.03 4.56 4.46 
Dermal Contact 2.4E-04 2.07 0.24 1.83 
Inhalation 4.4E-08 0.08 0.08 0.00 
Total 9.1E-04 11.18 4.88 6.29 

Adult Industrial Worker 
Ingestion 1.1 E-04 0.35 0.17 0.17 
Dermal Contact 1.8E-04 0.37 0.04 0.33 
Inhalation 6.4E-08 0.03 0.03 0.00 
Total 2.8E-04 0.75 0.25 0.50 

Adult Construction Worker 
Ingestion 4.0E-06 0.32 0.16 0.16 
Dermal Contact 7.6E-06 0.40 0.05 0.36 
Inhalation 4.6E-09 0.05 0.05 0.00 
Total 1.16E-05 o.n 0.26 0.51 

A-Coke Byproducts Surface Soil Risk Calculations-revised.xls (Summary Page 1 (1) 



Scenario= Adult Industrial Worker 
Medium/Exposure Incidental Ingestion of Surface Soils 

CDI (mg/kg/d)= (C*IR*CF*FI*EF*ED)/(BW*AT) 
ILCR = CDI*CSFo 
HO= CDIIRIDo 

Pa~ Units 
CDI mg/kg/d 
ILCR NA 
CSFo 1/(mg/kg/d) 

HQ NA 
A !Do mg/kg/d 
c mg/kg 

IR-S mglday 
CF kg/mg 
Fl NA 
EF days/year 
ED years 
BW kg 

AT-C days 
A T-N days 

Parameter 
7429905 :«IUJ'ijjnd~'?.MPt•tt~::v''~'jf;~&J 
7440360 Antimony 
7440382 Arsenic 
7440393 Barium 

7440417 Beryllium 
7440439 Cadmium 

18540299 Chromium (VI) 

7440508 Copper 
7439896 Iron 
7439921 Lead 
7439965 Mal:f9'a!li1sai.t~;;~~*ililfi\~tl~'~1W' 
7440622 Vanadium 
7440666 Zinc 

205992 Benzo[b]fluoranthene 
56553 Benzo[alanthracene 
50328 Benzo[a]pyrene 

207089 Benzo[k]fluoranthene 
53703 Dibenz[a,h]anthracene 

193395 lndeno(1,2,3-cd)pyrene 
85018 Phenanthrene 

NOTES: 

•• • Not applicable. 
NA ·Toxicity criterion not available. 

% Contribution for this pathway only 

Description 
Chronic dally Intake 
Incremental lifetime cancer risk 
Oral cancer slope factor 
Hazard quotient 
Oral reference dose 
Concentration of chemical In soil 
Ingestion rate of soil 
Conversion factor 
Fraction of soli Ingested from site 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

c CSFo 
(mglkg) 1/(mg/kg/d) 

%2'5ll!Q'()',~!s'' "''" R>; '» ';ffit"•i 

2.00 NA 
21.44 1.5E+00 

586.60 NA 
6.40 NA 
3.37 NA 

62.20 NA 
272.31 NA 

57455.87 NA 
208.58 NA 

ld~.lll!il.2 :·''•.•.; 
45.72 NA 

5900.00 NA 
44.64 7.3E-01 
55.12 7.3E-01 
54.34 7.3E+00 
46.41 7.3E-02 
12.16 7.3E+00 
29.39 7.3E-01 
90.37 NA 

Byproducts A~ea 

Value 
cs (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 
50 

1.00E-06 
1 

250 
25 
70 

25,550 
9,125 

Carcinogens I Noncarcinogens I 
RfDo CDI % Contrlb.l CDI % Contrlb.IOral 

(mglkg/d) (mg/kg/d) ILCR TotaiiLCRI (mg/kg/d) HQ HI IBioaccessibllity 
K#;tifQSi{Qj· .. . 'fff. . "' U,ii!E(@: .. ' ~- > ., 

">" _g:,"" &di:h~f!~ . ' fi:t6fJlZ ·' 
4.0E-04 3.5E-07 -- -- 9.8E..()7 2.4E-03 1% 
3.0E..()4 3.7E-06 5.6E-06 5% 1.0E·05 3.5E-02 10% 
7.0E-02 1.0E-04 -- -- 2.9E-04 4.1E-03 1% 
2.0E-03 1.1E·06 -- -- 3.1E-06 1.6E-03 0% 1 
S.OE-04 5.9E-07 -- -- 1.6E-06 3.3E-03 1% 1: 
3.0E-03 1.1E-05 -- -- 3.0E-05 1.0E-02 3% 1! 
4.0E-02 4.8E-05 -- -- 1.3E-04 3.3E-03 1% I 

3.0E-01 1.0E-02 -- -- 2.8E-02 9.4E-02 27% 
NA 3.6E-05 -- -- 1.0E-04 -- --

-·~~a ' ' ·: • '~ ~:2:1td!31 •~s\fbm!B1,1/Ila 1 
1.0E-03 8.0E-06 -- -- 5.5E-06 5.5E-03 2% 0.245 
3.0E-01 1.0E-03 -- -- 2.9E-03 9.6E-03 3% 

NA 7.8E-06 5.7E-06 5% 2.2E-05 -- --
NA 9.6E-06 7.0E-06 7% 2.7E-05 -- --
NA 9.5E-06 6.9E-05 64% 2.7E-05 -- --
NA 8.1E-06 5.9E-07 1% 2.3E-05 -- --
NA 2.1E-06 1.6E-05 14% 6.0E-06 -- --
NA 5.1E-06 3.7E-06 3% 1.4E-05 -- --

2.0E-02 1.6E-05 -- -- 4.4E-05 2.2E-03 1% 
TotaiiLCR: 1.1E-04 100% Total HI: 0.3 100% 

1.7E·01 
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Scenario= Adulllndustrial Worker 
Medium/Exposure= Dermal Exposure lo Surface Soils 

DAD (mg/kg/d)=(C•cF• AF• ABS.SA •EF•ED)/(BW.AT) 
ILCR = CDI·csFd 
HQ = CDI/RIDd 

Parameter l.!!!i!§. 
DAD mg/kg/d 
ILCR NA 
CSFd 1/(mg/kg/d) 

HQ NA 
RIDd mg/kg/d 

c mg/kg 
CF kg/mg 
AF mg/cm2 

ABS NA 
SA cm21day 
EF days/year 
ED years 
BW kg 

AT·C days 
AT·N days 

~ 
Dermally absorbed dose 
Incremental lifetime cancer risk 
Dermal cancer slope factor 
Hazard quotient 
Dermal reference dose 
Concentration of chemical In soil 
Conversion factor 
Soil to skin adherence factor 
Absorption fraction 
Skin surface area available for contact 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

Byproducts Area 

~ 
cs (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 

1.00E·06 
0.20 
cs 

3,300 
250 
25 
70 

25,550 
9,125 

Carcinogens I Noncarcinog~ns 

7440360IAntimony I 2.00 I 0.1 I NA I s.oE-05 I 4.6E·07 I •• I •• I 1.3E·06 I 2.2E-02 5.8% 
74403821Arsenic I 21.44 I 0.03 I 1.5E+00 I 3.0E-04 I 1.5E-06 I 2.2E-06 I 1% I 4.2E·06 I 1.4E·02 3.7% 
7440393IBarium I 586.60 I 0.1 I NA 4.9E·03 1.4E·04 .. .. 3.8E-04 7.7E-02 20.7% 
74404171Beryllium 6.40 0.1 NA 1.4E-06 3.5E·08 .. .. 9.9E-08 7.1E-02 19.0% 
74404391Cadmium 3.37 0.001 NA 2.5E·05 2.6E·12 .. .. 7.2E·12 2.9E·07 0.0% 

185402991Chromium (VI) 62.20 0.1 NA 7.5E-05 4.4E-08 .. .. 1.2E·07 1.7E·03 0.4% 
74405081Copper 272.31 0.1 NA 4.0E·02 6.3E·05 - .. 1.8E·04 4.4E-03 1.2% 
7439896llron I 57455.87 0.1 I NA 3.0E·01 1.3E·02 .. .. 3.7E·02 1.2E·01 33.2% 

208.58 Ql__~~~==~~~~~~~~~~~~~db~~~~~~~~~ 
74406221Vanadium I 45.72 0.1 I NA I 1.0E·03 I 1.3E-08 I •• I •• I 3.5E·08 I 3.5E·05 I 0.0% 
7440666IZ1nc I 5900.00 

205992IBenzQ[Qjfluoranthene I 44.64 
565531Benzo[a)anthracene I 55.12 
503281Benzora]pyrene I 54.34 

207089IBenzQ[I<]fluoranthene I 48.41 
53703IDibenzra,hlanthracene I 12.16 

193395llndenoC1 ,2,3-cd)pyrene I 29.39 
850181Phenanthrene I 90.37 

NOTES: 
.. • Not applicable. 
NA ·Toxicity criterion not available. 

% Contribution for this pathway only 
Antimony RIDo adjusted by 15% 
Barium RfDo adjusted by 7% 
Beryllium RfDo adjusted by 0.07% 
Cadmium RfDo adjusted by 5% 
Chromium RfD adjusted by 2.5% 
Managanse RfD adjusted by 4% 

0.1 I NA I 3.0E·01 I 1.4E-03 I .. I .. I 3.8E-03 I 1.3E·02 I 3.4% 
0.13 7.3E·01 NA 1.3E-05 9.8E·06 6% 3.7E·05 
0.13 7.3E·01 NA 1.7E-05 1.2E·05 7% 4.6E·05 
0.13 7.3E+00 NA 1.6E-05 1.2E·04 67% 4.6E·05 
0.13 7.3E·02 NA 1.4E-05 1.0E-06 1% 3.9E-05 
0.13 7.3E+00 NA 3.6E·06 2.7E·05 15% 1.0E-05 
0.13 7.3E·01 NA 8.8E·06 6.4E·06 4% 2.5E·05 
0.13 NA 2.0E-02 2.7E·05 .. - 7.6E·05 T 3.8E·03 T 1.0% 

TotaiiLCR: 1.8E-04 100% Total HI: 0.4 100.0% 

4.3E·02 

0.024 
0.00033 
0.0031 

0.005 
0.0012 
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Scenario= Adult Industrial Worker 
Medium/Exposure Inhalation of Fugitive Dusts from Soils 

CDI (mg/kg/d)= (Ca•RR.ET.EF.ED)/(BW.AT) 
Ca = c•(1/PEF) 
ILCR = CDI.CSFo 
HQ = CDI/RfDo 

Description 

Byproducts Area 

Value Parameter 
CDI 

ILCR 
CSFi 
HQ 
RfDi 

Units 
mg/kg/d 

NA 
. Chronic daily Intake CS (Chemical Specific) 

NOTES: 

c 
Ca 

PEF 
RR 
ET 
EF 
ED 
BW 

AT-C 
A T-N 

Parameter 
7<1?!¥ln• 

744( 

1 /(mg/kg/d) 
NA 

mglkg/d 
mg/kg 
mg/m3 
m3/kg 
m3/hr 
hr/day 

days/year 
years 

kg 
days 
days 

7440- ..... 
7440417IBerylllum 

18540299 Chromium (IJI)_ 
7440508 Copper 
7439896llron 
74399211Lead 
f'IJ 

7 4406221Vanadlum 
7440666 Zinc 

205992 Benzo 

193395pndeno(1 ,2,3-cd)_llYrene 
85011 

- Not applicable. 
NA -Toxicity criterion not available. 
% Contribution for this pathway only 

Incremental lifetime cancer risk 
Inhalation cancer slope factor 
Hazard quotient 
Inhalation reference dose 
Concentration of chemical In soil 
Concentration of chemical in air 
Particulate emission factor 
Respiration Rate 
Exposure Time 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

cs 
cs 
cs 
cs 
cs 
cs 

1.36E+09 
1 
8 

250 
25 
70 

25,550 
9,125 

C I Ca I CSFI I RfDi I CDI 
· (mg/kg) I mg/m3 11/(mg/kg/dj (mglkg/cf) I (mg/kg/d) 

2.00 -Tf47E~691 NA _ _l_ UN~ 4.1E-11 
21.44 1.58E-08 1.51 E+01 NA 4.4E-10 

1.2E·08 
1.3E-10 

586.60 4.31 E-07 NA 1.40E-04 
6.40 4.70E·09 8.40E+00 5.70E-06 
3.37 2.48E..09 6.30E+00 5.70E-05 6.9E-1T 

62.20 3.00E-05 
272.31 NA 

1.3E-09 
5.6E-09 

57455.87 I 4.22E..05 I NA I NA 1.2E·06 
208.58 I 1.53E-07 I NA I NA 4.3E-09 

45.72 I 3.36E-08 I NA 
NA 
NA 

55.12 4.05E-08 NA 
54.34 4.00E-08 3.10E+00 
46.41 3.41 E-08 NA 
12.16 8.94E-09 NA 
29.39 NA 
90.37 NA 

NA I 9.4E-10 
NA I 1.2E-07 
NA 9.2E-10 
NA- - 1.1E-09 
NA 1.1E-09 
NA 9.5E-10 
NA 2.5E-10 
NA 6.0E·10 

9.00E-04 1.9E-09 

c 

TotaiiLCR: 

I% Contrib.l CDI I I % Contrib. , 
ILCR -I Total ILCRI (mg/kg7d)] -- HQ --I .. HI 

_§% 
.. 

6.7E-09 

1.1E·09 
4.4E-10 
5.2E-08 

.. 

.. 

.. 

.. 

.. 
3.5E-09 

.. 

6.4E-08 

•• I 1.2E-10 
10% 1.2E-09 

•• 3.4E-08 
2% 3.7E-10 
1% 1.9E-10 

82% I 3.6E-09 
•• 1.6E-08 
·· I 3.3E-06 
·· I 1.2E-08 

·· I 2.6E-09 
n I 3.4E•07 
•• 2.6E-09 
•• 3.2E-09 

5% 3.1E-09 
•• 2.7E-09 
•• 7.0E-10 
•• 1.7E-09 
•• 5.2E-09 
100% Total HI: 

.. 

.. 
2.4E-04 
6.5E-05 
3.4E-06 

..ll§.:Q!. 

.. 

.. 

.. 

.. 

.. 

.. 
"'5.'8E--O 

0.0 

2.8E..Q2 

.. 

.. 
1% 
0% 
0% 

~ 

.. 

.. 
93% 

. . 

.. 

.. 

.. 
0% 

100% 
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Scenario= Adult Construction Worker 
Medium/Exposure Incidental Ingestion of Surface Soils 

CDI (mg/kg/d)= (C.IR•cf•fi•Ef•ED)/(BW•AT) 
ILCR = CDI.CSFo 
HQ = CDI/RfDo 

Parameter Units 
CDI mg/kg/d 

ILCR NA 
CSFo 1 /(mg/kg/d) 

HQ NA 
RfDo mg/kg/d 

c mg/kg 
IR-S mg/day 
CF kg/mg 
Fl NA 
EF days/year 
ED years 
BW kg 

AT-C days 
A T-N days 

Parameter 
7429905 'h.1umfi!Umti\%:,wt:r{Ji}i!J&s'i!%1f{~ 
7440360 Antimony 
7440382 Arsenic 

7440393 Barium 

7440417 Beryllium 
7440439 Cadmium 

18540299 Chromium (VI) 
7440508 Copper 
7439896 Iron 
7439921 Lead 
7439965 ~alfl!lalfifa'$!\Jiill:1~"i~ti.t'§:~;'i1~ 
7440622 Vanadium 

7440666 Zinc 
205992 Benzo[b ]fluoranthene 

56553 Benzo[a)anthracene 
50328 Benzo[a]pyrene 

207089 Benzo[k]fluoranthene 
53703 Dlbenz[a,h]anthracene 

193395 lndeno(1 ,2,3-cd)pyrene 
85018 Phenanthrene 

NOTES: 
- Not applicable. 

NA- Toxicity criterion not available. 
% Contribution for this pathway only 

Description 
Chronic daily Intake 
Incremental lifetime cancer risk 
Oral cancer slope factor 
Hazard quotient 
Oral reference dose 
Concentration of chemical in soil 
Ingestion rate of soil 
Conversion factor 
Fraction of soil Ingested from site 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

c CSFo 
(mglkg) 1 /(mglkg/d) 

{i::!5:1:1lQ.'c .. ·. 
.. 

- ~- " 
2.00 NA 

21.44 1.5E+00 
586.60 NA 

6.40 NA 

3.37 NA 
62.20 NA 

272.31 NA 
57455.87 NA 

208.58 NA 

1-J.I· .. . " 10t&T 
45.72 NA 

5900.00 NA 
44.64 7.3E-01 
55.12 7.3E-01 
54.34 7.3E+00 
46.41 7.3E-02 
12.16 7.3E+00 
29.39 7.3E-01 
90.37 NA 

Byproducts Area 

Value 
cs (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 
64 

1.00E-06 
1 

180 
1 

70 
25,550 

365 

Carcinogens I Noncarcinogens 
RfDo CDI I% Contrib.l CDI % Contrlb. Oral 

(mg/kg/d) (mg/kg/d) ILCR ITotaiiLCRI (mglkg/d) HQ HI Bloaccesslbllity 
,,~1t)QE*1lQ%iii!l)J»l0¥~~ #§1~~Efmtelc~': ' 2~ mw.111:iaW'~ !!iYt~~/4'!\Wll' '" 

4.0E-04 1.3E-08 -- -- 9.0E-07 2.3E-03 1% 
3.0E-04 1.4E-07 2.1E-07 5% 9.7E-06 3.2E-02 10% 

7.0E-02 3.8E-06 -- -- 2.6E-04 3.8E-03 1% 

2.0E-03 4.1E-08 -- -- 2.9E-06 1.4E-03 0% 1 

S.OE-04 2.2E-08 -- -- 1.5E-06 3.0E-03 1% 1 

3.0E-03 4.0E-07 -- -- 2.8E-05 9.3E-03 3% 1 

4.0E-02 1.8E-06 -- -- 1.2E-04 3.1E-03 1% 
3.0E-01 3.7E-04 -- -- 2.6E-02 8.6E-02 27% 

NA 1.3E-06 -- -- 9.4E-05 -- --
§:§:;2!:Qiilf':!4~~~-i~"it W¥147ae!a. rr ~~{Qm \iJ--/oB! 1 

1.0E-03 2.9E-07 -- -- 5.1E-06 5.1E-03 2% 0.245 

3.0E-01 3.8E-05 -- -- 2.7E-03 8.9E-03 3% 
NA 2.9E-07 2.1E-07 5% 2.0E-05 -- --
NA 3.6E-07 2.6E-07 7% 2.5E-05 -- --
NA 3.5E-07 2.6E-06 64% 2.5E-05 -- --
NA 3.0E-07 2.2E-08 1% 2.1E-05 -- --
NA 7.8E-08 5.7E-07 14% 5.5E-06 -- --
NA 1.9E-07 1.4E-07 3% 1.3E-05 -- --

2.0E-02 5.8E-07 -- -- 4.1E-05 2.0E-03 1% 
TotaiiLCR: 4.0E-06 100% Total HI: 0.3 100% 

1.6E-01 

2.6E-01 
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Scenario= Adult Construction Worker 
Medium/Exposure= Dermal Exposure to Surface Soils 

DAD (mglkg/d)=(C'CF'AF'ABS'SA'EF'ED)/(BW'AT) 
ILCR = CDI'CSFd 
HQ = CDI/RfDd 

Parameter 
DAD 
ILCR 
CSFd 
HQ 

RIDd 
c 

CF 
AF 

ABS 
SA 
EF 
ED 
BW 

AT-C 
A T-N 

NOTES: 
-- - Not applicable. 
NA- Toxicity criterion not available. 

% Contribution for this pathway only 
Antimony RfDo adjusted by 15% 
Barium RIDo adjusted by 7% 
Beryllium RfDo adjusted by 0.07% 
Cadmium RIDe adjusted by 5% 
Chromium RID adjusted by 2.5% 
Managanse RID adjusted by 4% 

J.l!!i!§. 
mglkg/d 

NA 
1/(mglkg/d) 

NA 
mglkg/d 
mglkg 
kg/mg 

mg/cm2 
NA 

cm21day 
days/year 

years 
kg 

days 
days 

~ 
Dermally absorbed dose 
Incremental lifetime cancer risk 
Dermal cancer slope factor 
Hazard quotient 
Dermal reference dose 
Concentration of chemical in soil 
Conversion factor 
Soli to skin adherence factor 
Absorption fraction 
Skin surface area available for contact 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

Byproducts Area 

Value 
cs (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 

1.00E-06 
0.30 
cs 

3,300 
180 

1 
70 

25,550 
365 

4.6E-02 
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Scenario = Adult Construction Worker Byproducts Area 
Medium/Exposure Inhalation of Fugitive Dusts from Soils 

CDI (mg/kg/d)= (Ca*RR*ET*EF*ED)/(BW*AT) 
Ca = C*(1/PEF) 
ILCR = CDI*CSFo 
HQ = CDI/RfDo 

Parameter Units Description Value 
CDI mg/kg/d Chronic daily Intake cs (Chemical Specific) 
ILCR NA Incremental lifetime cancer risk cs 
CSFI 1/(mg/kg/d) Inhalation cancer slope factor cs 
HQ NA Hazard quotient cs 
RfDi mg/kg/d Inhalation reference dose cs 
c mg/kg Concentration of chemical in soil cs 

Ca mg/m3 Concentration of chemical in air cs 
PEF m3/kg Particulate emission factor 1.36E+09 
RR m3/hr Respiration Rate 2.5 
ET hr/day Exposure Time 8 
EF days/year Exposure frequency 180 
ED years Exposure duration 1 
BW kg Body weight 70 

AT-C days Averaging time, carcinogens 25,550 
A T-N days Averaging time, noncarcinogens 365 

I Carcinogens Noncarctnogens 
C Ca CSFi RfDi I CDI % Contrib. CDI % Contrib. 

Parameter (mglkg) mg/m3 1/(mg/kg/d (mg/kg/d) 1 (mg/kg/d) ILCR TotaiiLCR (mglkg/d) HQ HI 
1429905 ~rtlltllnuf:tl!W:~4&r¥01'Q'%2' ~~1too¥4:s:f ~'it~asau&l! •!iJA'l!Rillil401!lE¥!aafll•~!ii0 ·· 07~· fu""'""$!ll ~:g:aE';Of:!!¥i Mi2:l:S."~;,~~ 5% 
7440360Antimony 2.00 1.47E-09 NA NA 3.0E-12 -- -- 2.1E-10 -- --
7440382 Arsenic 21.44 1.58E·08 1.51 E+01 NA 3.2E-11 4.8E·10 10% 2.2E·09 -- --
7440393 Barium 586.60 4.31E-07 NA 1.40E-04 8.7E-10 -- -- 6.1E-08 4.3E-04 1% 
7440417 Beryllium 6.40 4.70E·09 8.40E+00 5.70E-06 9.5E-12 8.0E-11 2% 6.6E·10 1.2E-04 0% 
7440439 Cadmium 3.37 2.48E·09 6.30E+00 5.70E-05 5.0E-12 3.1E·11 1% 3.5E·10 6.1E-06 0% 

18540299 Chromium (VI) 62.20 4.57E-08 4.10E+01 3.00E·05 9.2E-11 3.8E-09 82% 6.4E-09 2.1E-04 0% 
7440508 Copper 272.31 2.00E..Q7 NA NA 4.0E·10 -- -- 2.8E-08 -- --
7439896 Iron 57455.87 4.22E·05 NA NA 8.5E·08 -- -- 6.0E·06 -- --
7439921 Lead 208.58 1.53E-07 NA NA 3.1E·10 -- -- 2.2E-08 -- --
7 439965 @aifg'A.'tf!\$e(l1(l)\if:JPiAi."!{r;~ lsJ~l9'13lls21!' !t41aa:~;:;~1 ~tmt\J~B ~w4ae5e.sr, aams.o9wi:l1ii *J?\'?:i'if'?iH!!' le•!*~llf4l.a'i~O:a'.t~ 93% 
7440622 Vanadium 45.72 3.36E-08 NA NA 6.8E·11 -- -- 4.7E-09 -- --
7440666 Zinc 5900.00 4.34E-06 NA NA 8.7E-09 -- -- 6.1E-07 -- --

205992 Benzo b fluoranthene 44.64 3.28E-08 NA NA 6.6E·11 -- -- 4.6E-09 -- --
56553Benzoaanthracene 55.12 4.05E-08 NA NA 8.2E·11 -- -- 5.7E-09 -- --
50328Benzoalpyrene 54.34 4.00E-08 3.10E+00 NA 8.0E-11 2.5E-10 5% 5.6E-09 -- --

207089 Benzo k ftuoranthene 46.41 3.41 E-08 NA NA 6.9E-11 -- -- 4.8E·09 -- --
53703 Dibenza,h]anthracene 12.16 8.94E·09 NA NA 1.8E-11 -- -- 1.3E-09 -- --

1933951ndeno1,2,3-cd)pyrene 29.39 2.16E-08 NA NA 4.3E-11 -- -- 3.0E-09 -- --
85018 Phenanthrene 90.37 6.64E-08 NA 9.00E-04 1.3E·1 0 -- -- 9.4E-09 1.0E-05 0% 

TotaiiLCR: 4.6E·09 100% Total HI: 0.1 100% 

NOTES: 5.1E·02 
- Not applicable. 

NA- Toxicity criterion not available. 
% Contribution for this pathway only 
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Scenario = Adult Resident 
Medium/Exposure Incidental Ingestion of Surface Soils 

CDI (mg/kg/d)= (C*IR*CF*FI*EF*ED)/(BW*AT) 
ILCR = CDI*CSFo 
HQ = CDI/RIDo 

Parameter Units 
CDI mglkg/d 
ILCR NA 
CSFo 1/(mg/kg/d) 
HQ NA 

RfDo mg/kg/d 
c mg/kg 

IR-S mg/day 
CF kg/mg 
Fl NA 
EF days/year 
ED years 
BW kg 

AT-C days 
A T-N days 

Parameter 
7429905 ~1t(ffiiJ!ulif!m:ci:2;,e;;cc"'''"", 
7440360 Antimony 
7440382 Arsenic 
7440393 Barium 
7440417 Beryllium 
7440439 Cadmium 

18540299 Chromium (VI) 

7440508 Copper 
7439896 Iron 
7439921 Lead 
7439965 ~aff~J!inese.0::*xi~f,;:t< .' '· , < <c;' 
7440622 Vanadium 
7440666 Zinc 

205992 Benzo[b ]fluoranthene 
56553 Benzo[a]anthracene 
50328 Benzo[a]pyrene 

207089 Benzo[k]fluoranthene 
53703 Dibenz[a,h]anthracene 

193395 lndeno(1 ,2,3-cd)pyrene 
85018 Phenanthrene 

NOTES. 

Description 
Chronic daily intake 
Incremental lifetime cancer risk 
Oral cancer slope factor 
Hazard quotient 
Oral reference dose 
Concentration of chemical in soil 
Ingestion rate of soil 
Conversion factor 
Fraction of soil ingested from site 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

c CSFo 
(mg/kg) 1 /(mQ!kg/d) 
~ .. ; 

0. al):lA"'""''·"" 
2.00 NA 
21.44 1.5E+00 

586.60 NA 
6.40 NA 
3.37 NA 
62.20 NA 

272.31 NA 
57455.87 NA 

208.58 NA 
';',re~sa~s~,;; "'"~!::"': 

45.72 NA 
5900.00 NA 
44.64 7.3E-01 
55.12 7.3E-01 
54.34 7.3E+00 
46.41 7.3E-02 
12.16 7.3E+00 
29.39 7.3E-01 
90.37 NA 

Byproducts Area 

Value 
cs (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 
100 

1.00E-06 
1 

350 
30 
70 

25,550 
10,950 

Carcinogens Noncarclnogens 
RfDo CDI 1% Contrib. CDI %Contrib. 

(mg/kg/d) (mg/kg/d) ILCR Total ILCR (mg/kg/d) I HQ HI 
~~..E1¥!:tOli'~1~ Jfrh~1~5fi;~Qi/M&) ,_!{.~ .. ~-· 1!',41W211E.~EIEG·~~'W 
4.0E-04 1.2E-06 -- -- 2.7E-06 6.8E-03 1% 
3.0E-04 1.3E-05 1.9E-05 5% 2.9E-05 9.8E-02 10% 
7.0E-02 3.4E-04 -- -- 8.0E-04 1.1E-02 1% 
2.0E-03 3.8E-06 -- -- 8.8E-06 4.4E-03 0% 
5.0E-04 2.0E-06 -- -- 4.6E-06 9.2E-03 1% 
3.0E-03 3.7E-05 -- -- 8.5E-05 2.8E-02 3% 
4.0E-02 1.6E-04 -- -- 3.7E-04 9.3E-03 1% 
3.0E-01 3.4E-02 -- -- 7.9E-02 2.6E-01 27% 

NA 1.2E-04 -- -- 2.9E-04 -- --
c: ,; 3:9E:os/> 

'':V',1 

~Si;tl;;lo:SI •~e~rft; ... 1'1f;<,<47W~,;;t'.\ . . •.Ht"<'¥· 
1.0E-03 2.7E-05 -- -- 1.5E-05 1.5E-02 2% 
3.0E-01 3.5E-03 -- -- 8.1E-03 2.7E-02 3% 

NA 2.6E-05 1.9E-05 5% 6.1E-05 -- --
NA 3.2E-05 2.4E-05 7% 7.6E-05 -- --
NA 3.2E-05 2.3E-04 64% 7.4E-05 -- --
NA 2.7E-05 2.0E-06 1% 6.4E-05 -- --
NA 7.1E-06 5.2E-05 14% 1.7E-05 -- --
NA 1.7E-05 1.3E-05 3% 4.0E-05 -- --

2.0E-02 5.3E-05 -- -- 1.2E-04 6.2E-03 1% 
TotaiiLCR: 3.6E-04 100% Total HI: 0.97 100% 

- Not applicable. 4.9E-01 
NA- Toxicity criterion not available. 

% Contribution for this pathway only 

Oral 
Bloaccessibility 

1 
1 
1 

1 
0.245 
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Scenario= Adult Resident 
Medium/Exposure= Dermal Exposure to Surface Soils 

DAD (mg/kg/d)=(C'CF' AF' ABS'SA'EF'ED)/(BW' AT) 
ILCR = CDI'CSFd 
HQ = CDI/RfDd 

Parameter 
DAD 
ILCR 
CSFd 
HQ 

RfDd 
c 

CF 
AF 

ABS 
SA 
EF 
ED 
BW 

AT-C 
A T-N 

NOTES: 
-- - Not applicable. 
NA- Toxicity criterion not available. 

% Contribution for this pathway only 
Antimony RfDo adjusted by 15% 
Barium RfDo adjusted by 7% 
Beryllium RfDo adjusted by 0.07% 
Cadmium RfDo adjusted by 5% 
Chromium RID adjusted by 2.5% 
Managanse RID adjusted by 4% 

~ 
mg/kg/d 

NA 
1/(mg/kg/d) 

NA 
mglkg/d 
mg/kg 
kg/mg 

mg/cm2 
NA 

cm2/day 
days/year 

years 
kg 

days 
days 

Description 
Dermally absorbed dose 
Incremental lifetime cancer risk 
Dermal cancer slope factor 
Hazard quotient 
Dermal reference dose 
Concentration of chemical in soil 
Conversion factor 
Soil to skin adherence factor 
Absorption fraction 
Skin surface area available for contact 
Exposure frequency 
Exposure duration 
Bodywelghl 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

Byproducts Area 

~ 
cs (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 

1.00E-06 
0.07 
cs 

5,700 
350 
30 
70 

25,550 
10,950 

3.6E-02 
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Scenario = Adult Resident 
Medium/Exposure Inhalation of Fugitive Dusts from Soils 

CDI (mg/kg/d)= (Ca*RR*ET*EF*ED)/(BW*AT) 
Ca = C*(1/PEF) 
ILCR = CDI*CSFo 
HQ = CDI/RfDo 

Parameter Units 
CDI mg/kg/d 

ILCR NA 
CSFi 1/(mg/kg/d) 
HQ NA 
RfDi mg/kg/d 
c mg/kg 

Ca mg/m3 
PEF m3/kg 
RR m3/hr 
ET hr/day 
EF days/year 
ED years 
BW kg 

AT-C days 
A T-N days 

Parameter 
7429905 ~ltiibJQU(ri]~tt~'-l\~'1-~~~~~,;\~ 
7440360 Antimony 
7440382 Arsenic 
7440393 Barium 
7440417 Beryllium 
7440439 Cadmium 

18540299 Chromium (VI) 
7440508 Copper 
7439896 Iron 
7439921 Lead 
7439965 Maoaan·&.S'e')liR'?0t~'£!\\f~ 
7440622 Vanadium 
7440666 Zinc 

205992 Benzo b fluoranthene 
56553 Benzo a anthracene 
50328 Benzo alpyrene 

207089 Benzo k fluoranthene 
53703 Dibenz a,h]anthracene 

193395 lndeno(1 ,2,3-cd)pyrene 
85018 Phenanthrene 

NOTES: 
- Not applicable. 

NA- Toxicity criterion not available. 
% Contribution for this pathway only 

Description 
Chronic daily intake 
Incremental lifetime cancer risk 
Inhalation cancer slope factor 
Hazard quotient 
Inhalation reference dose 
Concentration of chemical In soli 
Concentration of chemical in air 
Particulate emission factor 
Respiration Rate 
Exposure Time 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

c Ca CSFi 
(mglkg) mg/m3 1/(mg/kg/d 

>2:StO:Q~45E i&:tt.aa~5Jl l!llft$}1'iJ;lt~~~ 
2.00 1.47E-09 NA 

21.44 1.58E-08 1.51E+01 
586.60 4.31E-07 NA 

6.40 4.70E-09 8.40E+00 
3.37 2.48E-09 6.30E+00 

62.20 4.57E-08 4.10E+01 
272.31 2.00E-07 NA 

57455.87 4.22E-05 NA 
208.58 1.53E-07 NA 

i4S:.B:SJ!1521tr f4'ta~E4G:s~r&~~'t 
45.72 3.36E-08 NA 

5900.00 4.34E-Q6 NA 
44.64 3.28E-08 NA 
55.12 4.05E-08 NA 
54.34 4.00E-08 3.10E+00 
46.41 3.41E-08 NA 
12.16 8.94E-09 NA 
29.39 2.16E-08 NA 
90.37 6.64E-08 NA 

Byproducts Area 

Value 
cs (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 
cs 

1.36E+09 
0.833 

7 
350 
30 
70 

25,550 
10,950 

Carcinogens Noncarclnogens 
RfDI CDI % Contrib. CDI %Contrlb. 

(mg/kg/d) (mg/kg/d) ILCR TotaiiLCR (mg/kg/dl HQ HI 
&HOO.Efb.3.¥ i•&taE~O:~" ~i\1$ •. ~· ·5:110:3~ 5% 

NA 5.0E-11 -- -- 1.2E-10 -- --
NA 5.4E-10 8.1E-09 10% 1.3E-09 -- --

1.40E-04 1.5E-08 -- -- 3.4E-08 2.5E-04 1% 
5.70E-06 1.6E-10 1.4E-09 2% 3.8E-10 6.6E-05 0% 
5.70E-05 8.5E-11 5.3E-10 1% 2.0E-10 3.5E-06 0% 
3.00E-05 1.6E-09 6.4E-08 82% 3.7E-09 1.2E-04 0% 

NA 6.9E-09 -- -- 1.6E-08 -- --
NA 1.4E-06 -- -- 3.4E-06 -- -- : 

NA 5.3E-09 -- -- 1.2E-08 -- --
m.~l~];SQ'57 _,j7dta !1~~~ 0 ' .· ~OV.I li!W2'!{1lS:"ff~ 93% 

NA 1.2E-09 -- -- 2.7E-09 -- --
NA 1.5E-07 -- -- 3.5E-07 -- -- i 

NA 1.1 E-09 -- -- 2.6E-09 -- -- I 

NA 1.4E-09 -- -- 3.2E-09 -- --
NA 1.4E-09 4.2E-09 5% 3.2E-09 -- --
NA 1.2E-09 -- -- 2.7E-09 -- --
NA 3.1E-10 -- -- 7.1E-10 -- --
NA 7.4E-10 -- -- 1.7E-09 -- --

9.00E-04 2.3E-09 -- -- 5.3E-09 5.9E-06 0% 
TotaiiLCR: 7.8E-08 100% Total HI: 0.03 100% 

2.9E-02 
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Scenario = Child Resident 
Medium/Exposure Incidental Ingestion of Surface Soils 

CDI (mg/kg/d)= (C*IR*CF*FI*EF*ED)/(BW*AT) 
ILCR = CDI*CSFo 
HQ = CDI/RfDo 

Parameter Units 
CDI mg/kg/d 

ILCR NA 
CSFo 1/(mg/kg/d) 

HQ NA 
RfDo mg/kg/d 
c mg/kg 

IR-S mg/day 
CF kg/mg 
Fl NA 
EF days/year 
ED years 
BW kg 

AT-C days 
A T-N days 

Parameter 
7429905 ~1ui:iilnUm)':':': ;;$%i~i'Ji':fi;';;~;:;~"~i\'1Z$ 
7440360 Antimony 
7440382 Arsenic 

7440393 Barium 

7440417 Bervlllum 
7440439 Cadmium 

18540299 Chromium (VI) 

7440508 Copper 

7439896 Iron 

7439921 Lead 
7439965 ~tQQfi);!8~iihi§k{~1~~~{\:~'),i/:~t}f17JJ , 
7440622 Vanadium 

7440666 Zinc 
205992 Benzo[b]fluoranthene 

56553 Benzo[a]anthracene 

50328 Benzo[a]pyrene 

207089 Benzo[k]fluoranthene 
53703 Dibenz[a,h]anthracene 

193395 lndeno(1 ,2,3-cd)pyrene 
85018 Phenanthrene 

NOTES: 
- Not applicable. 

NA- Toxicity criterion not available. 
% Contribution for this pathway only 

Description 
Chronic dally intake 
Incremental lifetime cancer risk 
Oral cancer slope factor 
Hazard quotient 
Oral reference dose 
Concentration of chemical in soil 
Ingestion rate of soil 
Conversion factor 
Fraction of soil Ingested from site 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

c CSFo 
(ma/kal I 1/(mg/kg/d) 

:i25~1Q:Q};W$ili ' ~ 
2.00 NA 

21.44 1.5E+00 
586.60 NA 

6.40 NA 
3.37 NA 

62.20 NA 
272.31 NA 

57455.87 NA 
208.58 NA 

45.72 NA 
5900.00 NA 

44.64 7.3E-01 
55.12 7.3E-01 
54.34 7.3E+00 
46.41 7.3E-02 
12.16 7.3E+00 
29.39 7.3E-01 
90.37 NA 

Byproducts Area 

Value 
cs (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 
200 

1.00E-06 
1 

350 
6 

15 
25,550 
2,190 

Carclnoaens I Noncarcinogens 
RfDo CDI % Contrib.l CDI o/oContrib. Oral 

(mg/kg/d) (mg/kg/d) ILCR TotaiiLCRI (mg/kg/d) HQ HI Bioaccesslblllty 
&!i1B'Qli!lOP~-;1- ilill_2[$EfSZ'f;J;;' '~:t!i'?;\"~(, ,, ' ~ .il$~;ff~ ll$;31-3:~$~rtl YJ~$V~-

4.0E-04 2.2E-06 -- -- 2.6E-05 6.4E-02 1% 
3.0E-04 2.3E-05 3.5E-Q5 5% 2.7E-04 9.1E-01 10% 

7.0E-02 6.4E-04 -- -- 7.5E-03 1.1E-01 1% 

2.0E-03 7.0E-06 -- -- 8.2E-05 4.1E-02 0% 1 

5.0E-04 3.7E-06 -- -- 4.3E-05 8.6E-02 1% 1 

3.0E-03 6.8E-05 -- -- 8.0E-04 2.7E-01 3% 1 

4.0E-02 3.0E-04 -- -- 3.5E-03 8.7E-02 1% 
3.0E-01 6.3E-02 -- -- 7.3E-01 2.4E+00 27% 

NA 2.3E-04 -- -- 2.7E-03 -- --
tfu'ii2.iQ.~2-{~"'lh'l 1~(7!3's~tr:3"''m 

<;>" 

;l"ll!r,~ .. " ~· "•,' lW<iPB 1 " . ' . " ~- -· 
1.0E-03 5.0E-05 -- -- 1.4E-04 1.4E-01 2% 0.245 

3.0E-01 6.5E-03 -- -- 7.5E-02 2.5E-01 3% 

NA 4.9E-05 3.6E-05 5% 5.7E-04 -- --
NA 6.0E-05 4.4E-05 7% 7.0E-04 -- --
NA 6.0E-05 4.3E-Q4 64% 6.9E-04 -- --
NA 5.1E-05 3.7E-06 1% 5.9E-04 -- --
NA 1.3E-05 9.7E-05 14% 1.6E-04 -- --
NA 3.2E-05 2.4E-05 3% 3.8E-04 -- --

2.0E-02 9.9E-05 -- -- 1.2E-03 5.8E-02 1% 
TotaiiLCR: 6.7E-04 100% Total HI: 9.0 100% 

4.6E+00 
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Scenario= Child Resident Byproducts Area 
Medium/Exposure= Dermal Exposure to Surface Soils 

DAD (mglkg/d)=(C•cF•AF.ABs•sA•EF.ED)/(BW•AT) 
ILCR = CDI.CSFd 
HQ = CDI/RfDd 

~ l.!!lil§. 
DAD mg/kg/d 
ILCR NA 
CSFd 1/(mg/kg/d) 

HQ NA 
RfDd mg/kg/d 

c mg/kg 
CF kg/mg 
AF mg/cm2 

ABS NA 
SA cm21day 
EF days/year 
ED years 
BW kg 

AT·C days 
AT·N days 

Parameter 
1 4299os1Aiuii\li\um~x40\\l•J'"s';C:~.~~. '-"' 
74403601Antimony 

74403821Arsenic 

74403931Barlum 
74404171Beryllium 

7 4404391 Cadmium 
1 85402991Chromium -(VI) 

7 440508 I Copper 

7439896llron 
7439921 Lead 
7 439965 MaTI®.il~~'e :r,70ft~%tlVRK~fiJ1W~::~;':S~ 

74406221Vanadium 

7440666IZinc 
2059921Benzo[b)fluoranthene 

56553IBenzQ@]anthracene 

503281 Benzo[a)pyrene 

207089IBenzQ[I<Jfluoranthene 
53703IDibenz[a,hlanthracene 

193395llndeno(1 ,2,3-ccl)Qyrene 
8501 5I Phenanthrene 

NOTES: 
.. • Not applicable. 
NA • Toxicity criterion not available. 

% Contribution for this pathway only 
Antimony RfDo adjusted by 15% 
Barium RfDo adjusted by 7% 
Beryllium RfDo adjusted by 0.07% 
Cadmium RfDo adjusted by 5% 
Chromium RID adjusted by 2.5% 
Managanse RID adjusted by 4% 

~ Value 
Dermally absorbed dose cs (Chemical Specific) 
Incremental lifetime cancer risk cs 
Dermal cancer slope factor cs 
Hazard quotient cs 
Dermal reference dose cs 
Concentration of chemical in soil cs 
Conversion factor 1.00E·06 
Soil to skin adherence factor 0.20 
Absorption fraction cs 
Skin surface area available for contact 2,800 
Exposure frequency 350 
Exposure duration 6 
Body weight 15 
Averaging time, carcinogens 25,550 
Averaging time, noncarclnogens 2,190 

Carcinogens Noncarcinogens 

C I I CSFd I RfDd I DAD I 1% Contrib.l DAD I 1% Contrib.IDermal 
(mglkg) ASS 1/(mg/kg/d) (molko/d) (molko/d) ILCR TotaiiLCR (molko/d) HQ HI Bioaccessibilitv 

F251obbJit511'il&O'lit&li&.~'SNAV*fl:ti:•: tl· .• 1JOE:fQO~:W!iif&7t.o1S.if9$:'1\ '.) cl>c1'4tE'NI!l!fiW~l\?fi'f¥0N;I?"-s£0E;o2¥)®l,~(OE102!JI).!!il_4~4'!N! 
2.00 I 0.1 I NA I 6.0E-05 I 6.1 E-07 I •• I •• I 7.2E·06 I 1 .2E·01 I 5.8% 

21.44' I 0.03 I 1.5E+00 3.0E·04 2.0E·06 I 3.0E·06 1% I 2.3E·05 7.7E·02 3.7% 

586.60 0.1 NA 4.9E·03 1.8E·04 2.1E-03 4.3E·01 20.7% 

6.40 0.1 NA 1.4E·06 4.7E·08 5.5E·07 3.9E·01 19.o% T 0.024 

3.37 0.001 NA 2.5E·05 3.4E·12 4.0E·11 1.6E·06 o.o% I 0.00033 

62.20 0.1 NA 7.5E·05 5.9E·08 6.9E·07 9.2E-03 0.4% I 0.0031 

272.31 0.1 NA 4.0E·02 8.4E·05 9.7E·04 2.4E·02 1.2% 

57455.87 0.1 NA 3.0E·01 1.8E·02 2.1E-01 6.9E·01 33.2% 

208.58 0.1 NA NA 6.4E·05 7.5E·04 - .. 
•6638:5271 jl.;'0\ll:\%! ~'fl?iNAt~~,{;i't~, s'i;s:oE!o<e;" ':> M!OE:JOS!'P [k~Slr4"© I&Ii£5~il"$ it41-1!,2Wdb~H 0.005 

45.72 0.1 NA 1.0E·03 1.7E·08 2.0E·07 2.0E·04 0.0% 0.0012 

5900.00 0.1 NA 3.0E·01 1.8E·03 2.1E·02 7.0E·02 I 3.4% 

44.64 0.13 7.3E·01 NA 1.8E·05 1.3E·05 6% 2.1E·04 

55.12 0.13 7.3E·01 NA 2.2E·05 1.6E·05 7% 2.6E-04 

54.34 0.13 7.3E+00 NA 2.2E·05 1.6E·04 67% 2.5E·04 

46.41 0.13 7.3E-02 NA 1.9E·05 1.4E-06 1% 2.2E·04 
12.16 0.13 7.3E+00 NA 4.9E·06 3.5E·05 15% 5.7E·05 
29.39 0.13 7.3E·01 NA 1.2E·05 8.6E·06 4% 1.4E·04 
90.37 0.13 NA 2.0E·02 3.6E·05 .. .. 4.2E·04 2.1E·02 I 1.0% 

TotaiiLCR: 2.4E·04 100% Total HI: 2.1 100.0% 

2.4E·01 
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Scenario = Child Resident Byproducts Area 
Medium/Exposure Inhalation of Fugitive Dusts from Soils 

CDJ (mg/kg/d)= (Ca*RR*ET*EF*ED)/(BW*AT) 
Ca = C*(1/PEF) 
ILCR = CDJ*CSFo 
HQ = CDI/RfDo 

Parameter Units 
CDI mglkgld 
ILCR NA 
CSFi 1/(mg/kg/d) 
HQ NA 
RID I mg/kg/d 
c mg/kg 

Ca mg/m3 
PEF m3/kg 
RR m3/hr 
ET hr/day 
EF days/year 
ED years 
BW kg 

AT-C days 
A T-N days 

Descrigtion 
Chronic daily Intake 
Incremental lifetime cancer risk 
Inhalation cancer slope factor 
Hazard quotient 
Inhalation reference dose 
Concentration of chemical in soil 
Concentration of chemical in air 
Particulate emission factor 
Respiration Rate 
Exposure Time 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

Value 
cs (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 
cs 

1.36E+09 
0.5 
7 

350 
6 

15 
25,550 
2,190 

I I I I I Carcinogens I Noncarcinogens 
C I Ca I CSFi I RfDi I CDI I I% Contrib.l CDI 

7440360IAntlmoiJ~ I 2.00 I1.47E-091 NA I NA I 2.8E-11 I -- I -- I 3.3E-10 • --
74403821Arsenic I 21.44 I1.58E-08I1.51E+011 NA I 3.0E-10 I 4.6E-09 I 10% I 3.5E-09 • --

74403931Barium I 586.60 I 4.31 E-07 I NA I 1.40E-04 I 8.3E-09 I -- I -- I 9.7E-08 I 6.9E-04 
74404171Berylllum I 6.40 I4.70E-0918.40E+OO I5.70E-oar 9.0E-11 I 7-.i3E-10 I 2% I 1.1E-09 I 1.8E-04 

74404391Cadmium I 3.37 I2.48E-09I6.30E+OOI5.70E-051 4.7E-11 I 3.0E-10 I 1% I 5.5E-10 I 9.7E-06 
185402991Chromium (VI) I 62.20 I 4.57E-08I4.10E+011 3.00E-05 I 8.8E-10 I 3.6E-08 I 82% I 1.0E-08 I 3.4E-04 

74405081Copper I 272.31 I 2.00E-07 I NA I NA I 3.8E-09 I -- I -- I 4.5E-08 • --
7439896llron 157455.871 4.22E-05 I NA I NA I 8.1E-07 I -- I -- I 9.5E-06 • --

74406221Vanadium I 45.72 I 3.36E-08 I NA I NA I 6.4E-10 I -- I -- I 7.5E-09 • --

7440666IZinc I 5900.00 I 4.34E-06 I NA I NA I 8.3E-08 I -- I •• I 9.7E-07 • --
2059921Benzorblfluoranthene ·I 44.64 I 3.28E-08 I NA I NA I 6.3E-10 I -- I -- I 7.3E-09 • --

565531Benzoralanthracene I 55.12 I 4.05E-08 I NA I NA I 7.8E-10 I -- I -- I 9.1 E-09 • --
503281Benzora)pyrene I 54.34 I 4.00E-08 I 3.10E+00 I NA I 7.7E-10 I 2.4E-09 I 5% I 8.9E-09 • •• 

2070891Benzorklfluoranthene I 46.41 I 3.41 E-08 I NA I NA I 6.5E-10 I -- I -- I 7.6E-09 • -· 

53703IDibenzra.h]anthracene I 12.16 I 8.94E-091 NA I NA I 1.7E-10 I -- I -- I 2.0E-09 • --
193395llndeno(1,2,3-cd)pyrene I 29.39 I 2.16E-08 I NA I NA I 4.1E-10 I -- I -· I 4.8E-09 • --

850181Phenanthrene I 90.37 I 6.64E-08 I NA I 9.00E-04 I 1 .3E-09 I -- I -- I 1.5E-08 I 1.7E-05 
TotaiiLCR: 4.4E·08 100%1 Total HI: 0.1 

NOTES: 8.1E-02 

- Not applicable. 
NA -Toxicity criterion not available. 

% Contribution for this pathway only 

% Contrib. 
HI 
5% 

1% 
0% 
0% 
0% 

--
93% 

0% 
100% 
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COKE BYPRODUCTS 

Adult Construction Worker LICR HI HI HI 
no target orgs CNS other effects 

Ingestion 6.7E-07 0.27 0.14 0.13 
Dermal Contact 6.3E-07 0.08 0.02 0.06 
Inhalation 1.2E-06 0.53 0.20 0.33 

2.48E-06 0.88 0.36 0.52 

Subsurface Soils 



Scenario = Adult Construction Worker 
Medium/Exposure Incidental Ingestion of Subsurface Soils 

CDI (mg/kg/d)= (C*IR*CF*FI*EF*ED)/(BW*AT) 
ILCR = CDI*CSFo 
HQ = CDI/RfDo 

Parameter 
CDI 
ILCR 
CSFo 

HQ 
R!Do 
c 

IRS 
CF 
Fl 
EF 
ED 
BW 
ATC 
ATN 

NOTES: 
Not applicable. 

NA Toxicity criterion not available. 
% Contribution for this pathway only 

Units 
mg/kg/d 

NA 
1/(mg/kg/d) 

NA 
mglkg/d 
mg/kg 
mg/day 
kg/mg 

NA 
days/year 

years 
kg 

days 
days 

Description 
Chronic daily intake 
Incremental lifetime cancer risk 
Oral cancer slope factor 
Hazard quotient 
Oral reference dose 
Concentration of chemical in soil 
Ingestion rate of soil 
Conversion factor 
Fraction of soil ingested from site 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

3.57E-01 

Byproducts Area 

Value 
cs (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 
64 

1.00E-06 
1 

180 
1 

70 
25,550 

365 

1.43E-01 
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Scenario= Adult Construction Worker 
Medium/Exposure= Dermal Exposure to Subsurface Soils 

DAD (mg/kg/d)=(C•cF•AF•Ass•sA•EF.ED.Bdermai)/(BW•AT) 
ILCR = CDI.CSFd 
HO=CDI/RfDd 

Parameter 
DAD 
ILCR 
CSFd 

HQ 
RfDd 
c 

CF 
AF 

ABS 
SA 
EF 
ED 
BW 

AT-C 
A T-N 

NOTES: 
- Not applicable. 

NA- Toxicity criterion not available. 
% Contribution for this pathway only 
Chromium RID adjusted by 2.5% 
Managanse RID adjusted by 4% 
Vanadium RID adjusted by 2.6% 

Units 
mg/kg/d 

NA 
1/(mg/kg/d) 

NA 
mg/kg/d 
mg/kg 
kg/mg 

mg/cm2 
NA 

cm2/day 
days/year 

years 
kg 

days 
days 

Description 
Dermally absorbed dose 
Incremental lifetime cancer risk 
Dermal cancer slope factor 
Hazard quotient 
Dermal reference dose 
Concentration of chemical in soil 
Conversion factor 
Soli to skin adherence factor 
Absorption fraction 
Skin surface area available for contact 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarclnogens 

Value 
CS (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 

1.00E-06 
0.30 
cs 

3,300 
180 
1 

70 
25,550 

365 

Byproducts Area 

1.6E-02 
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Scenario = Adult Construction Worker 
Medium/Exposure Inhalation of Fugitive Dusts & Volatiles from Soils 

COl (mg/kg/d)= (Ca*RR*ET*EF*ED)/(BW*AT) 
Ca = C*(1/PEF) 
ILCR = CDI*CSFo 
HQ = CDI/RfDo 

Parameter 
CD! 
ILCR 
CSFi 
HQ 
RfDi 
c 

Ca 
PEF 
RR 
ET 
EF 
ED 
BW 

AT-C 
A T-N 

NOTES: 

Units Description Value 
mg/kg/d Chronic daily intake cs 

NA Incremental lifetime cancer risk cs 
1/(mg/kg/d) Inhalation cancer slope factor cs 

NA Hazard quotient cs 
mg/kg/d Inhalation reference dose cs 
mg/kg Concentration of chemical in soil cs 
mg/m3 Concentration of chemical in air cs 
m3/kg Particulate emission factor 1.36E+09 
m3/hr Respiration Rate 2.5 
hr/day Exposure Time 8 

days/year Exposure frequency 180 
years Exposure duration 1 

kg Body weight 70 
days Averaging time, carcinogens 25,550 
days Averaging time, noncarcinogens 365 

Volatile 
C Ca I CSFi 

Parameter I jrl}gfl<gll_@gfr11~)_L_(m3/kg)-1 I (mg/m3) 11/(mg/kg/d 
7 440382 Arsenic 
7439965 
2059921Benzorb]fluoranthene I1.91E+OOI1.41E-091 -- I -- I NA 
565531Benzora]anthracene I1.91E+OOI1.41E-091 -- I -- I NA 
503281Benzora]pyrene I1.91E+OOI1.41E-091 -- I-- I3.10E+00 
537031 Dibenzra.h]anthracene 11.91 E+OO I 1.41 E-09 I -- I -- I NA 

193395llndenol1 ,2,3cd)pyrene I 1.91 E+OO I 1.41 E-09 I -- I -- I NA 
714321Benzene I1.02E+03I -- I 1.98E-05 I 2.02E-021 2.70E-02 

10706211 ,2 Dichloroethane I 3.80E+01 I ·- I 1.26E·05 I 4.80E·04 I 9.1 OE-02 
1 08883lu{oJuene.::::-:- ~ ~-:- ~ry;,Fa~o:E~~C::· ·• 'I 1:42E;05~·' lsA:;a?E~F'7:l'fl*l;~:. 

13302071TotafXyliine -··· ,-,c-c~0fs~:ztE~03J7< .·····"~ ·•· ·'l· 9'29-E:=o:s~l:2o:o5~:ozl:•>''NA'''"0 

• Not applicable. 
NA • Toxicity criterion not available. 

% Contribution for this pathway only 

Byproducts Area 

(Chemical Specific) 

Carcincmens Noncarcinqg_ens 
RfDi I CD! I I% Contrib.l CD! % Contrib. 

(mg/kg/d) I (mg!kg/d) L JLCR ITotaliLCRI(mg~g!Q)_ HQ HI 

NA I 2.8E-12 I -- I -- I 2.0E-10 
NA I 2.8E-12 I -- I •• I 2.0E·10 
NA I 2.8E·12 I 8.8E-12 I 0% I 2.0E·10 
NA I 2.8E·12 I -- I -· I 2.0E·10 
NA I 2.8E-12 I ·- I •• I 2.0E-10 

8.60E-03 I 4.1 E-05 I 1.1 E-06 I 93% I 2.8E-03 I 3.3E-01 63% 
7.00E·01 I 9.7E·07 I 8.8E-08 I 7% I 6.8E·05 I 9.7E-05 I 0% 
1 ; 14Ei01 ~:;:tr:~~:7.Ef,O'!;'tc :~·1 2'T2!1:0::J:tc:18?±k';;:•:;rF~6i:BE~'o:3£;1;f;6VJlE~02'1 •:·r~iF1!Y.> .. 

•··S.ooE:;o2·•··1• ';'4?'1'E'b5:S~;'I?!~•f•~~ .·. ·1 .. <<~W.~•f': <~I ::~2l:9E·03r;(•.,·916E"02i!l . ·• 1'8%< .• 
TotaiiLCR: 1.2E·06 100%1 Total HI: 0.5 100% 

2.0E-01 
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Coal Handling Surface Soil 
ICR HI HI (CNS) HI 

no target orgs CNS others 
Adult Resident 

Ingestion 3.7E-05 0.82 OA3 0.39 
Dermal Contact 1.4E-05 0.02 0.00 0.02 
Inhalation 8.8E-08 0.03 0.00 0.03 
Total 5.1E-05 0.87 0.43 0.44 

Child Resident 
Ingestion 7.0E-05 7.69 4.02 3;67 
Dermal Contact 1.8E-05 0.14 0.01 0.13 
Inhalation 4.9E-08 0.07 0.07 0.00 
Total a.8E-os 7.90 4.10 3.80 

Adultlndustrial Worker 
Ingestion 1.1E-05 0,29 0~15 0.14 
Dermal Contact 1.4E-05 0.02 0.00 0.02 
Inhalation 7.2E-08 0.02 0.02 0.00 
Total 2.5E-05 0.34 0.18 0;16 

Adult Construction Worker 
Ingestion 4.1E-07 0.27 0.14 0.13 
Dermal Contact 6.0E"07 0.03 0.00 0.02 
Inhalation 5.2E-09 0.04 0.04 0.00 
Total 1.01E-06 0.34 0,19 0.15 



Scenario= Adult Industrial Worker 
Medium/Exposure Incidental Ingestion of Surface Soils 

CDI (mg/kg/d)= (C*IR*CF*FI*EF*ED)/(BW*AT) 
ILCR = CDI*CSFo 
HQ=CDI/RfDo 

Parameter 
CDI 
ILCR 
CSFo 
HQ 

RfDo 
c 

IR-S 
CF 
Fl 
EF 
ED 
BW 

AT-C 
A T-N 

NOTES: 
- Not applicable. 

NA- Toxicity criterion not available. 
% Contribution for this pathway only 

Units 
mg/kg/d 

NA 
1/(mg/kg/d) 

NA 
mg/kg/d 
mg/kg 
mg/day 
kg/mg 

NA 
days/year 

years 
kg 

days 
days 

Description 
Chronic daily intake 
Incremental lifetime cancer risk 
Oral cancer slope factor 
Hazard quotient 
Oral reference dose 
Concentration of chemical in soil 
Ingestion rate of soil 
Conversion factor 
Fraction of soil ingested from site 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

R-Coal Handling Surface Soil Risk Calculations.kes.xls (lnd-lng) 

Coal Handling/Coke Making Area 

Value 
cs (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 
50 

1.00E-06 
1 

250 
25 
70 

25,550 
9,125 

0.154 
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Scenario= Adult Industrial Worker 
Medium/Exposure= Dermal Exposure to Surface Soils 

DAD (mg/kg/d)=(C*CF* AF* ABS*SA*EF*ED)/(BW* AT) 
ILCR = CDI*CSFd 
HQ = CDI/RfDd 

Pa~ Units 
DAD mg/kg/d 
ILCR NA 
CSFd 1/(mg/kg/d) 

HQ NA 
RfDd mglkg/d 
c mg/kg 

CF kg/mg 
AF mg/cm2 

ABS NA 
SA cm21day 
EF days/year 
ED years 
BW kg 

AT-C days 
A T-N days 

Parameter 
7429905 ·~i1ffiillul't12;;~J;~t'~~~w~mfl~ 
7440382 Arsenic 

18540299 Chromium (VI) 
7439896 Iron 
7439965 MSDQalr· 
7440622 Vanadium 

205992 Benzo[blfluoranthene 
56553 Benz()[ajanthracene 
50328 Benzo ajpyrene 
53703 Dibenz a,hlanthracene 

193395 lndeno 1 2,3-cdlovrene 

NOTES: 
- Not applicable. 

NA- Toxicity criterion not available. 
% Contribution for this pathway only 
Chromium RID adjusted by 2.5% 
Managanse RID adjusted by 4% 

Description 
Dermally absorbed dose 
Incremental lifetime cancer risk 
Dermal cancer slope factor 
Hazard quotient 
Dermal reference dose 
Concentration of chemical in soil 
Conversion factor 
Soil to skin adherence factor 
Absorption fraction 
Skin surface area available for contact 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

c CSFd 
(mg/kg) ABS 1/(mglkgld) 

~iSOi3\041 ~'!Jl;tfl'rt~ '*~N'A"<§:IE~~~ 
1.52E+01 0.03 1:5E+00 
7.92E+01 0.01 NA 
5.92E+04 0.01 NA 
r¥~ai~_at ~<~)lt1:'4l . ' 
5~30E+01 0.01 NA 
3.17E+00 0.13 1.3E"()1 
2.66E+00 o:13 7.3E"()1 
3.44E+00 0.13 7.3E+00 
1.28E+00 0.13 7.3E+00 
2.77E+00 0.13 7.3E,01 

A-Coal Handling Surface Soil Risk Calculations.kes.xls (lnd-Derm) 

.• 

Coal Handling/Coke Making Area 

Value 
cs (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 

1.00E-06 
0.20 
cs 

3,300 
250 
25 
70 

25,550 
9,125 

Carcinog_ens Noncarcinogens 
RIDd DAD % Contrib. DAD % Contrlb. Dermal 

(mg/kgld) (mglkg/d) ILCR TotaiiLCR (mg/kgld) .HQ HI Bioaccessi ility 
>''"' ,.~g~ 4, .. :~" 'L,~ ·''> ~~t:s6"~311! ~1NSSG3Ql 3~i6:'0o/,t{f!:i& 

3.0E~04 1.1 E-06 1.6E-06 11% 2.9E-06 9.8E-03 40.0% 
3.0E-03 1.8E-06 -- 1.6E"()8 5.3E-06 0.0% 0.0031 
3.0E-01 1.4E-OS -- 3.8E-03 1.3E-02 51.9% 

. JL .,-F. .. Eli~$ 'te':'#.S~S::% {fif~4o/ci~l[;~ 0.005 .. 
i.OE-03 1.2E-06 -- -- 4:1E-07 4.1E-04 1.7% 0.12 

NA 9.5E-07 6.9E"()7 5% 2.7E~06 -- --
NA 8.0E-07 5.8E-07 4% 2.2E"()6 -- --
NA 1.0E-06 7.5E-06 55% 2.9E-06 -- --
NA 3.8E"()7 2.8E-06 20% UE-06 -- --
NA 8.3E-07 6.1E-07 4% 2.3E"()6 -- --

J.Qt!IIILCR: .1.4E-05 100% Total HI: 0.0 100.0% 

1.6E-03 
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Scenario= Adult Industrial Worker 
Medium/Exposure Inhalation of Fugitive Dusts from Soils 

COl (mg/kg/d)= (Ca*RR*ET*EF*ED)/(BW*AT) 
Ca = C*(1/PEF) 
ILCR = CDI*CSFo 
HQ = CDI!RfDo 

Parameter 
COl 
ILCR 
CSFi 
HQ 
RfDi 
c 
Ca 

PEF 
RR 
ET 
EF 
ED 
BW 

AT-C 
A T-N 

NOTES: 
- Not applicable. 

NA - Toxicity criterion not available. 
% Contribution for this pathway only 

Units 
mg/kg/d 

NA 
1/(mg/kg/d) 

NA 
mg!kg/d 
mglkg 
mg/m3 
m3/kg 
m31hr 
hr/day 

days/year 
years 

kg 
days 
days 

Description 
Chronic daily intake 
Incremental lifetime cancer risk 
Inhalation cancer slope factor 
Hazard quotient 
Inhalation reference dose 
Concentration of chemical in soil 
Concentration of chemical in air 
Particulate emission factor 
Respiration Rate 
Exposure Time 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

A-Coal Handling Surface Soil Risk Calculations.kes.xls (lnd-lnh) 

Coal Handling/Coke Making Area 

Value 
cs (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 
cs 

1.36E+09 
1 
8 

250 
25 
70 

25,550 
9,125 

2.5E-02 
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Scenario= Adult Construction Worker 
Medium/Exposure Incidental Ingestion of Surface Soils 

CDI (mg/kg/d)= (C*IR*CF*FI*EF*ED)/(BW*AT) 
ILCR = CDI*CSFo 
HQ=CDI/RfDo 

Parameter Units 
CDI mg/kg/d 
ILCR NA 
CSFo 1/(mg/kg/d) 
HQ NA 

RIDo mg/kg/d 
c mg/kg 

IR-S mg/day 
CF kg/mg 
Fl NA 
EF days/year 
ED years 
BW kg 

AT-C days 
A T-N days 

Description 
Chronic daily intake 
Incremental lifetime cancer risk 
Oral cancer slope factor 
Hazard quotient 
Oral reference dose 
Concentration of chemical In soil 
Ingestion rate of soil 
Conversion factor 
Fraction of soil ingested from site 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

Value 
cs 
cs 
cs 
cs 
cs 
cs 
64 

1.00E-06 
1 

180 
1 

70 
25,550 

365 

C I CSFo I RIDo 
Parameter 

7429905 Albmlnuroz::<;;:r 
74403821Arsenic I1.52E+011 1.5E+00 I 3.0E-04 

185402991Chromium (VI) I7.92E+01I NA I 3.0E-03 

7 4406221Vamidiur'n 
2059921Benzo[b]lluoranthene 
565531Benzo[a]anthracene 
503281Benzo[a)pyrene 
537031Dibenzfa,h)anthracene 

193395llndeno!1 ,2,3-cd)pyrene 

NOTES: 
- Not applicable. 

NA -Toxicity criterion not available. 
o/o Contribution for this pathway only 

~4 

itlSEE 
5.30E+01 
3.17E+00 
2.66E+OO 
3.44E+00 
1.28E+00 
2.77E+OO 

R-Coal Handling Surface Soil Risk Calculations.kes.xls (Cons-lng) 

NA 

~ff~\~ 
NA 1.0E:03 

7.3E-01 NA 
7.3E-01 NA 
7.3E+00 NA 
7.3E+00 NA 
7.3E-01 NA 

0.187989275528811 

Coal Handling/Coke Making Area 

(Chemical Specific) 

Carcinogens Noncarcinogens 

9.8E-08 I 1.5E-07 I 36% I 6.8E-06 I 2.3E-02 I 8% 
5.1 E-07 I -- I -- I 3.6E-05 I 1.2E-02 I 4% 
3 .8gi-

0

m
4

•••~aBan••m!~~~~ 
3:4E-07 I -- I -- I 5.9E-06 I 0.006 I 2% 0.245 
2.0E-08 1.5E-08 4% 1.4E-06 
1.7E-08 1.2E-08 3% 1.2E-06 
2.2E:08 1.6E;07 40% 1.6E-06 
8.2E-09 6.0E-08 15% 5.8E-07 
1.8E-08 1:3E-08 3% 1.3E-06 

TotaiiLCR: 4.1E-07 100% Total HI: 0.3 100% 

0.142 
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Scenario= Adult Industrial Worker 
Medium/Exposure= Dermal Exposure to Surface Soils 

DAD (mglkg/d)=(C*CF* AF* ABS*SA*EF*ED)/(BW* AT) 
ILCR = CDI*CSFd 
HQ=CDI/RfDd 

Parameter 
DAD 
ILCR 
CSFd 

HQ 
R!Dd 
c 

CF 
AF 

ABS 
SA 
EF 
ED 
BW 

AT-C 
A T-N 

NOTES: 
- Not applicable. 

NA- Toxicity criterion not available. 
% Contribution for this pathway only 
Chromium RID adjusted by 2.5% 
Managanse RID adjusted by 4% 

Units 
mg/kg/d 

NA 
1/(mg/kg/d) 

NA 
mg/kg/d 
mglkg 
kg/mg 

mglcm2 
NA 

cm2/day 
days/year 

years 
kg 

days 
days 

Description 
Dermally absorbed dose 
Incremental lifetime cancer risk 
Dermal cancer slope factor 
Hazard quotient 
Dermal reference dose 
Concentration of chemical in soil 
Conversion factor 
Soil to skin adherence factor 
Absorption fraction 
Skin surface area available for contact 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

A-Coal Handling Surface Soil Risk Calculations.kes.xls (Cons-Derm) 

Coal Handling/Coke Making Area 

Value 
cs (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 

1.00E-06 
0.30 
cs 

3,300 
180 
1 

70 
25,550 

365 

1.7E-03 
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Scenario= Adult Construction Worker 
Medium/Exposure lnllalation of Fugitive Dusts from Soils 

CDI (mg/kg/d)= (Ca*RR*ET*EF*ED}/(BW*AT} 
Ca = C*(1/PEF) 
ILCR = CDI*CSFo 
HQ = CDI/RfDo 

Parameter 
CDI 
ILCR 
CSFi 
HQ 
RfDi 
c 

Ca 
PEF 
RR 
ET 
EF 
ED 
BW 

AT-C 
A T-N 

NOTES: 
- Not applicable. 

NA- Toxicity criterion not available. 
% Contribution for this pathway only 

Units 
mglkg/d 

NA 
1/(mg/kg/d) 

NA 
mglkg/d 
mglkg 
mg/m3 
m3/kg 
m3/hr 
hr/day 

days/year 
years 

kg 
days 
days 

Description 
Chronic daily intake 
Incremental lifetime cancer risk 
Inhalation cancer slope factor 
Hazard quotient 
Inhalation reference dose 
Concentration of chemical in soil 
Concentration of chemical in air 
Particulate emission factor 
Respiration Rate 
Exposure Time 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

A-Coal Handling Surface Soil Risk Calculations.kes.xls (Cons-lnh) 

Coal Handling/Coke Making Area 

Value 
cs (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 
cs 

1.36E+09 
2.5 
8 

180 
1 

70 
25,550 

365 

4.5E-02 
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Scenario= Adult Resident 
Medium/Exposure Incidental Ingestion of Surface Soils 

CDI (mg/kg/d)= (C*IR*CF*FI*EF*ED)/(BW*AT) 
ILCR = CDI*CSFo 
HQ = CDI/RfDo 

Pa~ 
CDI 

ILCR 
CSFo 
HQ 

RfDo 
c 

IR-S 
CF 
Fl 
EF 
ED 
BW 

AT-C 
AT·N 

NOTES: 
• Not applicable. 

NA ·Toxicity criterion not available. 
% Contribution for this pathway only 

Units 
mg/kg/d 

NA 
1/(mg/kg/d) 

NA 
mg/kg/d 
mg/kg 
mg/day 
kg/mg 

NA 
days/year 

years 
kg 

days 
days 

Description 
Chronic daily intake 
Incremental lifetime cancer risk 
Oral cancer slope factor 
Hazard quotient 
Oral reference dose 
Concentration of chemical in soil 
Ingestion rate of soil 
Conversion factor 
Fraction of soil ingested from site 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

A-Coal Handling Surface Soil Risk Calculations.kes.xls (Res-A-Ing) 

Coal Handling/Coke Making Area 

Value 
cs (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 
100 

1.00E-06 
1 

350 
30 
70 

25,550 
10,950 

I 0.431 I 
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Scenario= Adult Resident 
Medium/Exposure= Dermal Exposure to Surface Soils 

DAD (mg/kg/d)=(C*CF* AF* ABS*SA *EF*ED)/(BW* AT) 
ILCR = CDI*CSFd 
HQ = CDI/RfDd 

p~ Units 
DAD mg/kg/d 
ILCR NA 
CSFd 1/(mg/kg/d) 

HQ 
RIDd 
c 

CF 
AF 

ABS 
SA 
EF 
ED 
BW 

AT-C 
A T-N 

NOTES: 
- Not applicable. 

NA - Toxicity criterion not available. 
% Contribution tor this pathway only 
Chromium RID adjusted by 2.5% 
Managanse RID adjusted by 4% 

NA 
mg/kg/d 
mg/kg 
kg/mg 

mg/cm2 
NA 

cm2/day 
days/year 

years 
kg 

days 
days 

Description 
Dermally absorbed dose 
Incremental lifetime cancer risk 
Dermal cancer slope factor 
Hazard quotient 
Dermal reference dose 
Concentration of chemical in soil 
Conversion factor 
Soil to skin adherence factor 
Absorption fraction 
Skin surface area available tor contact 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

A-Coal Handling Surface Soil Risk Calculations.kes.xls (Res-A-Derm) 

Coal Handling/Coke Making Area 

~ 
cs (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 

1.00E-06 
0.07 
cs 

5,700 
350 
30 
70 

25,550 
10,950 

1.3E-03 
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Scenario= Adult Resident Coal Handling/Coke Making Area Medium/Exposure Inhalation of Fugitive Dusts from Soils 

CDI (mg/kg/d)= (Ca*RR*ET*EF*ED)/(BW* AT) 
Ca = C*(1/PEF) 
ILCR = CDI*CSFo 
HQ = CDI!RfDo 

Parameter Units Description Value 
CDI mglkg/d Chronic daily intake cs (Chemical Specific) 
ILCR NA Incremental lifetime cancer risk cs 
CSFi 1/(mg/kg/d) Inhalation cancer slope factor cs 
HQ NA Hazard quotient cs 
RfDi mglkg/d Inhalation reference dose cs c mg/kg Concentration of chemical in soil cs 
Ca mg/m3 Concentration of chemical In air cs 

PEF m3/kg Particulate emission factor 1.36E+09 
RR m3/hr Respiration Rate 0.833 
ET hr/day Exposure Time 7 
EF days/year Exposure frequency 350 
ED years Exposure duration 30 
BW kg Body weight 70 

AT-C days Averaging time, carcinogens 25,550 
A T-N da:ys Averaging time, noncarclnogens 10,950 

Carcino_g_ens Noncarcinogens 
C Ca CSFI RfDi I CDI % Contrib. CDI % Contrib. Parameter (mg/kg) 1 mg/m3 1/(mg/kg/d (mg/kg/d) 1 (mglk9/d) ILCR TotaiiLCR (mg/kg/d) HO HI 7 429905 ~lUillflfi'Uiff&&i!;;~'!{i\'tiG1s&fl'~W~~H " '· i'\IE!alit~ L , . ,, .. ~ .., .\ · Q ;; , · .• · · ''" tifu11f!315?Jla''~ 5% 7440382 Arsenic 1.52E+01 1.12E-08 L51E+01 NA J 3.8E-10 5.8E-09 7% 8.9E-10 -- --18540299 Chromium (VI) 7.92E+01 5.82E-08 4.10E+01 3.00E~05I 2.0E-09 8.2E-08 93% 4.7E-09 1.6E-04 1% 7439896 Iron 5.92E+04 4.35E~05 NA NA I 1.5E-06 -- -- 3.5E-06 -- --7439965 ••• 2:~i®da'·ltwlf'a'Sit~ ,: ~~;;,.' ., 'I .~:!3ii!litf; ;t~:!fEa~2?\ 94% 7440622 Vanadium 5.30E+01 3.90E"08 NA NA 1.SE"09 -- -- 3.1 E-09 -- --205992 Benzofb]fluoranthene 3.17E+OO 2.33E-09 NA NA 8.0E-11 -- -- 1.9E-10 -- --56553 Benzo[a]anthracene 2.66E+OO 1.95E-09 NA NA 6.7E-11 -- -- 1.6E-10 -- --50328 Benzo[alovrene 3.44E+OO 2.53E-09 3.10E+OO NA 8.7E-11 2.7E-10 0% 2:0E-10 -- --53703 Dibenzra,htanthracene 1.28E+OO 9.40E~10 · NA NA 3.2E-11 -- -- 7.5E-11 -- --1933951ndeno(1,2,3-cd)pyrene 2.nE+OO 2.04E-09 NA NA 7.0E-11 -- -- 1.6E-10 -- --

TotalllCR: 8.8E-08 100% Total HI:_ __ 0.0 100% NOTES. 
- Not applicable. 

NA - Toxicity criterion not available. 
% Contribution for this pathway only 

A-Coal Handling Surface Soil Risk Calculations.kes.xls (Res-A-Inh) 

-----------.------ ---------· ----
i 
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Scenario = Child Resident 
Medium/Exposure Incidental Ingestion of Surface Soils 

COl (mg/kg/d)= (C*IR*CF*FI*EF*ED)/(BW*AT) 
ILCR = CDI*CSFo 
HQ = CDI/RfDo 

Parameter Units 
CDI mg/kg/d 

ILCR NA 
CSFo 1/(mg/kg/d) 
HQ NA 

RfDo mg/kg/d c mg/kg 
IR-S mg/day 
CF kg/mg 
Fl NA 
EF days/year 
ED years 
BW kg 

AT-C days 
A T-N days 

Description 
Chronic daily intake 
Incremental lifetime cancer risk 
Oral cancer slope factor 
Hazard quotient 
Oral reference dose 
Concentration of chemical in soil 
Ingestion rate of soil 
Conversion factor 
Fraction of soil ingested from site 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

C I CSFo 

Value 
cs 
cs 
cs 
cs 
cs 
cs 
200 

1.00E-06 
1 

350 
6 

15 
25,550 
2,190 

RfDo 
CmCI/ka/dl 

Parameter 
7 429905IAlb1:tillfti r.,££,j,~1~N~~Q'£l ""'-1li~:,l 'I!> .•• •· ' ' . 

NOTES: 

74403821Arsenic 
18540299IChromlumjVIl 
7439896llron 
7439965 
74406221Vanadium 
2059921 Benzo[b]fluoranthene 
565531 Benzo[a]anthracene 
503281Benzo[alovrene 
537031Dibenzra,h]anthracene 
193395llndeno(1,2,3·c~ene 

- Not applicable. 
NA -Toxicity criterion not available. 

% Contribution for this pathway only 

1.52E+01 I 1 ;5E+00 
7.92E+01 I NA 

5.30E+01 I NA 
3.17E+00 I 7.3E-01 
2.66E+00 I 7.3E-01 
3.44E+OO I 7.3E+00 
1.2BE+00 I 7.3E+00 
2. 77E+00 I 7.3E-01 

A-Coal Handling Surface Soil Risk Calculations.kes.xls (Res-Child-lng) 

3.0E-04 
3.0E,03 
3.0E-D1 
r~~· 

i.OE-03 
NA 
NA 
NA 
NA 
NA 

Coal Handling/Coke Making Area 

(Chemical Specific) 

Carcinogens T Noncarcinogens 
CDI · I% Contrib.l CDI %ContrtbT Oral 

Cm!ilka/dl ILCR (Total ILCR( (mg/kg/dl HQ HI I Bioaccessibility B2i 
,,_ 

t2t9Bti.O~~ ~&lv,l~r;~DW! 
. 

'"',, ''" <% · ... ,, ,-, 

1.7E:-o5 2.5E-05 36% t9E-04 6.5E-01 8% 
8~7E-05 -- I -- 1.0E-03 3.4E-01 4% I 1 
6.5E-02 -- -- 7.6E~01 2.52 33% '"~ ---¥ ~·tftt'},W#Jil.i!' 'S't12 ·~:~~"!: i.i-;W:4&J.I'61@!¥J 1 
5.8E-05 -- -- 1.7E-04 0.166 2% l 0.245 
3.5E-06 2.5E-06 4% 4.1E-05 -- --
2.9E-06 2.1E-06 3% 3.4E-05 -- --
3.8E-06 2.8E-05 40% 4.4E-05 -- --
1.4E-06 1.0E-05 15% 1.6E-05 -- --
3.0E~06 2.2E-06 3% 3.5E-05 -- --TotaiiLCR: 7.0E-05 100% Total HI: 7.7 100% 

14.b1B] 
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Scenario= Child Resident 
Medium/Exposure= Dermal Exposure to Surface Soils 

DAD (mg/kg/d)=(C*CP AF* ABS*SA *EF*ED)/(BW* AT) 
ILCR = CDI*CSFd 
HO= CDIIRIDd 

Parameter Units 
DAD mg/kg/d 
ILCR NA 
CSFd 1/(mg/kg/d) 

HQ 
RIDd 
c 

CF 
AF 

ABS 
SA 
EF 
ED 
BW 

AT-C 
A T-N 

NOTES: 
- Not applicable. 

NA -Toxicity criterion not available. 
% Contribution for this pathway only 
Chromium RID adjusted by 2.5% 
Managanse RID adjusted by 4% 

NA 
mglkg/d 
mg/kg 
kg/mg 

mg/cm2 
NA 

cm21day 
days/year 

years 
kg 

days 
days 

Description 
Dermally absorbed dose 
Incremental lifetime cancer risk 
Dermal cancer slope factor 
Hazard quotient 
Dermal reference dose 
Concentration of chemical in soil 
Conversion factor 
Soil to skin adherence factor 
Absorption fraction 
Skin surface area available for contact 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

A-Coal Handling Surface Soil Risk Calculations.kes.xls (Res-Child-Derm) 

Coal Handling/Coke Making Area 

Value 
cs (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 

1.00E-06 
0.20 
cs 

2,800 
350 
6 
15 

25,550 
2,190 

8.7E-03 
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Scenario = Child Resident 
Medium/Exposure Inhalation of Fugitive Dusts from Soils 

COl (mg/kg/d)= (Ca*RR*ET*EF*ED)/(BW*AT) 
Ca = C*(1/PEF) 
ILCR = CDI*CSFo 
HQ = CDI/RfDo 

Pa~ 
CDI 
ILCR 
CSFi 
HQ 
RfDi 
c 
Ca 

PEF 
RR 
ET 
EF 
ED 
BW 

AT-C 
A T-N 

NOTES: 
- Not applicable. 

NA - Toxicity criterion not available. 
% Contribution for this pathway only 

Units 
mg/kg/d 

NA 
1/(mg/kg/d) 

NA 
mg/kg/d 
mg/kg 
mg!m3 
m3/kg 
m3/hr 
hr/day 

days/year 
years 

kg 
days 
days 

Description 
Chronic daily intake 
Incremental lifetime cancer risk 
Inhalation cancer slope factor 
Hazard quotient 
Inhalation reference dose 
Concentration of chemical in soil 
Concentration of chemical in air 
Particulate emission factor 
Respiration Rate 
Exposure Time 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

A-Coal Handling Surface Soil Risk Calculations.kes.xls (Res-Child-lnh) 

Coal Handling/Coke Making Area 

Value 
cs (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 
cs 

1.36E+09 
0.5 
7 

350 
6 

15 
25,550 
2,190 

I 7.1E-02 l 
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Coal Handling/Coke Making Area 
Subsurface Soil 

Adult Construction Worker LICR HI 
no target orgs 

Ingestion 1.8E-07 1.32 
Dermal Contact 2.0E-07 0.15 
Inhalation 4.7E-08 0.31 

4.32E-07 1.78 

HI HI ! -

CNS other effects 
0.97 0.35 
0.02 0.13 
0.31 0.00 
1.30 0.48 



Scenario = Adult Construction Worker 
Medium/Exposure Incidental Ingestion of Subsurface Soils Coal Handling/Coke Making Area 
CDI (mg/kg/d)= (C*IR*CF*FI*EF*ED)/(BW*AT) 
ILCR = CDI*CSFo 
HQ = CDI/RfDo 

Parameter 
CDI 

ILCR 
CSFo 
HQ 

RfDo 
c 

IRS 
CF 
Fl 
EF 
ED 
BW 
ATC 
ATN 

NOTES: 
"--· Not applicable. 
NA Toxicity criterion not available. 

'Yo Contribution for this pathway only 

Units 
mg!kg/d 

NA 
1/(mg/kg/d) 

NA 
mg/kg/d 
mg/kg 
mg/day 
kg/mg 

NA 
days/year 

years 
kg 

days 
days 

Description Value 
Chronic daily Intake cs (Chemical Specific) 
Incremental lifetime cancer risk cs 
Oral cancer slope factor cs 
Hazard quotient cs 
Oral reference dose cs 
Concentration of chemical in soil cs 
Ingestion rate of soil 64 
Conversion factor 1.00E-06 
Fraction of soli ingested from site 1 
Exposure frequency 180 
Exposure duration 1 
Body weight 70 
Averaging time, carcinogens 25,550 
Averaging time, noncarcinogens 365 

9.66E-01 

1.30E+00 
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Scenario= Adult Construction Worker 
Medium/Exposure= Dermal Exposure to Subsurface Soils 

DAD (mg/kg/d)=(C*CF* AF* ABS*SA *EF*ED)/(BW* AT) 
ILCR = CDi*CSFd 
HQ= CDI/R!Dd 

Parameter 
DAD 
ILCR 
CSFd 
HQ 

RfDd 
c 

CF 
AF 

ABS 
SA 
EF 
ED 
BW 

AT-C 
A T-N 

NOTES: 
- Not applicable. 

NA- Toxicity criterion not available. 
% Contribution for this pathway only 

Chromium AID adjusted by 2.5% 
Managanse RID adjusted by 4% 
Vanadium RID adjusted by 2.6% 

Units 
mglkg/d 

NA 
1/(mg/kg/d) 

NA 
mg/kg/d 
mglkg 
kg/mg 

mg/cm2 
NA 

cm2/day 
days/year 

years 
kg 

days 
days 

Description 
Dermally absorbed dose 
Incremental lifetime cancer risk 
Dermal cancer slope factor 
Hazard quotient 
Dermal reference dose 
Concentration of chemical In soil 
Conversion factor 
Soil to skin adherence factor 
Absorption fraction 
Skin surface area available for contact 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

Coal Handling/Coke Making Area 

Value 
cs (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 

1.00E-06 
0.30 
cs 

3,300 
180 
1 

70 
25,550 

365 

1.9E-02 
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Scenario= Adult Construction Worker Coal Handling/Coke Making Area 
Medium/Exposure Inhalation of Fugitive Dusts & Volatiles from Soils 

CDI (mg/kg/d)= (Ca*RR*EPEF*ED)/(BW*AT) 
Ca = C*(1/PEF) 
ILCR = CDI*CSFo 
HQ = CDI/RfDo 

Parameter 
CDI 
ILCR 
CSFi 
HQ 
RfDi 
c 
Ca 

PEF 
RR 
ET 
EF 
ED 
BW 

AT-C 
A T-N 

NOTES: 
- Not applicable. 

NA- Toxicity criterion not available. 
% Contribution for this pathway only 

Units 
mg/kg/d 

NA 
1/(mg/kg/d) 

NA 
mg/kg/d 
mg/kg 
mg/m3 
m3/kg 
m3/hr 
hr/day 

days/year 
years 

kg 
days 
days 

Description 
Chronic daily intake 
Incremental lifetime cancer risk 
Inhalation cancer slope factor 
Hazard quotient 
Inhalation reference dose 
Concentration of chemical in soil 
Concentration of chemical in air 
Particulate emission factor 
Respiration Rate 
Exposure Time 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

Value 
cs (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 
cs 

1.36E+09 
2.5 
8 

180 
1 

70 
25,550 

365 

3.1E-01 
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PROVENZANO TRUCKING LEASED PARCEL 
Surface Soil LICR HI HI HI 

no target orgs CNS other effects 
Adult Resident 

I 
Ingestion 8.2E-05 3.76 1.54 2.22 ! . 

Dermal Contact 1.9E-05 0.18 0.01 0.17 
Inhalation 1.1 E-06 0.09 0.09 0.00 

1.0E-04 4.04 1.64 2.39 
Child Resident 

Ingestion 1.5E-04 35.11 14.40 20.72 
Dermal Contact 2.5E-05 1.18 0.06 1.12 
Inhalation 2.0E-07 0.06 0.06 0.00 

1.8E-04 36.35 14.51 21.84 
Adult Industrial Worker 

Ingestion 2.4E-05 1.34 0.55 0~79 
Dermal Contact 1.9E-05 0.21 0.01 0.20 
Inhalation 9.0E-07 0.09 0.09 0.00 

4.4E~o5 1.65 0.65 1.00 
Adult Construction Worker 

Ingestion 8.9E-07 1.24• 0.51 0.73 
Dermal Contact 8.2E-07 0.23 0.01 0.22 
Inhalation 6.5E-08 0.17 0 .. 16 0.00 

1.78E-06 1.63 0.68 0.95 



Scenario = Adult Industrial Worker Provenzano Trucking Leased Parcel 
Medium/Exposure Incidental Ingestion of Surface Soils 

CDI (mg/kg/d)= (C*IR*CF*FI*EF*ED)/(BW*AT) 
ILCR = CDI*CSFo 
HQ = CDI/RfDo 

Parameter 
CDI 

ILCR 
CSFo 
HQ 

RfDo 
c 

IR·S 
CF 
Fi 
EF 
ED 
BW 

AT·C 
AT·N 

NOTES: 
• Not applicable. 

NA • Toxicity criterion not available. 
% Contribution for this pathway only 

Units 
mg/kg/d 

NA 
1/(mg/kg/d) 

NA 
mg/kg/d 
mglkg 
mgt day 
kg/mg 

NA 
days/year 

years 
kg 

days 
days 

Description 
Chronic daily intake 
Incremental lifetime cancer risk 
Oral cancer slope factor 
Hazard quotient 
Oral reference dose 
Concentration of chemical in soil 
Ingestion rate of soil 
Conversion factor 
Fraction of soil ingested from site 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

Value 
cs (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 
50 

1.00E-06 
1 

250 
25 
70 

25,550 
9,125 

S.SE-01 
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Scenario= Adult Industrial Worker 
Medium/Exposure= Dermal Exposure to Surface Soils 

DAD (mg/kg/d)=(C*CF' AF* ABS*SA*EF*ED)/(BW* AT) 
ILCR = CDI*CSFd 
HQ = CDI/R!Dd 

Parameter 
DAD 
ILCR 
CSFd 

HQ 
R!Dd 
c 

CF 
AF 

ABS 
SA 
EF 
ED 
BW 

AT-C 
A T-N 

Units 
mg/kg/d 

NA 
1/(mg/kg/d) 

NA 
mglkg/d 
mg/kg 
kg/mg 

mg/cm2 
NA 

cm2/day 
days/year 

years 
kg 

days 
days 

Description 
Dermally absorbed dose 
Incremental lifetime cancer risk 
Dermal cancer slope factor 
Hazard quotient 
Dermal reference dose 
Concentration of chemical in soil 
Conversion factor 
Soil to skin adherence factor 
Absorption fraction 
Skin surface area available for contact 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

Value 
CS (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 

1.00E-06 
0.20 
cs 

3,300 
250 
25 
70 

25,550 
9,125 

Provenzano Trucking Leased Parcel 

Carcinogens I Noncarcinogens 

ILCR 

74403601Antlmony I 10.9 I 0.01 I NA I 6.0E-05 I 2.5E-07 7.0E-07 I 1.2E-02 I 5.5% 
74403821Arsenic 165.418991 0.03 I 1.5E+OO I 3.0E-04 I 4.5E-06 I 6.8E-06 I 36% I 1.3E-05 I 4.2E-02 I 19.8% 

185402991Chromium (VI) 11043.5241 0.01 I NA I 7.5E-05 I 2.4E-05 I -- I -- I 2.1E-07 I 2.8E-03 I 1.3% I 0.0031 

74406221Vanadium 
2059921 Benzo[b]fluoranthene 
565531 Benzo[a]anthracene 
503281 Benzor a]pyrene 
537031 Dibenz[a,h]anthracene 

193395llndeno(1 ,2,3:cd)pvrene 

NOTES: 
- Not applicable. 

NA- Toxicity criterion not available. 
% Contribution for this pathway only 
Antimony R!Do adjusted by 15% 
Chromium RID adjusted by 2.5% 
Managanse RID adjusted by 4% 
Vanadium RID adjusted by 2.6% 

385.4541 0.01 NA 
2.4 0.13 7.3E-01 
2.1 0.13 7.3E-01 
3 0.13 7.3E+00 

1.9 0.13 7.3E+00 
2.3 0.13 7.3E-01 

3.0E-01 
··>' !~ .--, .,ofa'es 

7.0E-05 0.0018 
2.6E-05 I 8.9E-06 3.0E-06 1.1 E-01 I 54.0% 0.12 

NA I 7.2E-07 5.3E-07 3% 2.0E-06 
NA I 6.3E-07 4.6E-07 2% 1.8E-06 
NA I 9.0E-07 6.6E-06 35% 2.5E-06 
NA I 5.7E-07 4.2E-06 22% 1.6E-06 
NA I 6.9E-07 5.0E-07 3% 1.9E-06 

TotaiiLCR: 1.9E-05 100% Total HI: 0.2 100.0% 

1.0E-02 
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Scenario = Adult Industrial Worker 
Medium/Exposure Inhalation of Fugitive Dusts from Soils 

CDI (mg/kg/d)= (Ca*RR*ET*EF*ED)/(BW*AT) 
Ca = C*(1 /PEF) 
ILCR = CDI*CSFo 
HQ = CDI/RfDo 

Parameter 
CDI 

ILCR 
CSFi 
HQ 
RfDi 
c 

Ca 
PEF 
RR 
ET 
EF 
ED 
BW 

AT-C 
A T-N 

NOTES: 
- Not applicable. 

NA- Toxicity criterion not available. 
% Contribution for this pathway only 

Units 
mg/kg/d 

NA 
1/(mg/kg/d) 

NA 
mg/kg/d 
mg/kg 
mg/m3 
m3/kg 
m3/hr 
hr/day 

days/year 
years 

kg 
days 
days 

Description 
Chronic daily intake 
Incremental lifetime cancer risk 
Inhalation cancer slope factor 
Hazard quotient 
Inhalation reference dose 
Concentration of chemical in soil 
Concentration of chemical in air 
Particulate emission factor 
Respiration Rate 
Exposure Time 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

Provenzano Trucking Leased Parcel 

Value 
cs (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 
cs 

1.36E+09 
1 
8 

250 
25 
70 

25,550 
9,125 

9.0E-02 
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Scenario = Adult Construction Worker Provenzano Trucking Leased Parcel 
Medium/Exposure Incidental Ingestion of Surface Soils 

CDI (mg/kg/d)= (C*IR*CF*FI*EF*ED)/(BW*AT) 
ILCR = CDI*CSFo 
HQ = CDI/RfDo 

Parameter 
CDI 
ILCR 
CSFo 
HQ 

RfDo 
c 

IR-S 
CF 
Fl 
EF 
ED 
BW 

AT-C 
A T-N 

NOTES: 
- Not applicable. 

NA- Toxicity criterion not available. 
% Contribution for this pathway only 

Units 
mg/kg/d 

NA 
1/(mg/kg/d) 

NA 
mg/kg/d 
mg/kg 
mg/day 
kg/mg 

NA 
days/year 

years 
kg 

days 
days 

Description 
Chronic daily intake 
Incremental lifetime cancer risk 
Oral cancer slope factor 
Hazard quotient 
Oral reference dose 
Concentration of chemical in soil 
Ingestion rate of soil 
Conversion factor 
Fraction of soi.l ingested from site 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

6.8E-01 

Value 
cs (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 
64 

1.00E-06 
1 

180 
1 

70 
25,550 

365 

5.1 E-01 
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Scenario= Adult Construction Worker 
Medium/Exposure= Dermal Exposure to Surface Soils 

DAD (mg/kg/d)=(C*CF* AF* ABS*SA*EF*ED)/(BW* AT) 
ILCR = CDI*CSFd 
HQ = CDI/RIDd 

Parameter Units 
DAD mg/kg/d 
ILCR NA 
CSFd 1/(mg/kg/d) 
HQ NA 

RfDd mg/kg/d 
c mg/kg 

CF kg/mg 
AF mg/cm2 

ABS NA 
SA cm2/day 
EF days/year 
ED years 
BW kg 

AT-C days 
A T-N days 

Parameter 
7429905 ~ltioi'ihUrft.tkf,~iW:t.11$itLitt1!:«%~~.)t 
7440360 Antimony 

7440382 Arsenic 
18540299 Chromium (VI) 

7439896 Iron 
7439965 M.9'ociail:ase;;;:;:. '·>).'ts'~';;::;·, ' 
7440280 Thallium 
7440622 Vanadium 

205992 Benzo b]fluoranthene 
56553 Benzo a ]anthracene 
50328 Benzo a]pyrene 
53703 Dibenz a,h]anthracene 

193395 lndeno(1 ,2,3-cdJ.[)yrene 

NOTES: 
- Not applicable. 

NA -Toxicity criterion not available. 
% Contribution for this pathway only 
Antimony RIDo adjusted by 15% 
Chromium RID adjusted by 2.5% 
Managanse RID adjusted by 4% 
Vanadium RID adjusted by 2.6% 

Description 
Dermally absorbed dose 
Incremental lifetime cancer risk 
Dermal cancer slope factor 
Hazard quotient 
Dermal reference dose 
Concentration of chemical in soil 
Conversion factor 
Soil to skin adherence factor 
Absorption fraction 
Skin surface area available for contact 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

c CSFd 
(ma/kal ASS 1/(ma/ka/d) 

%2~:1[85:)7;6) _,;wJ;otottt\ilt tS~t!IAr~l1N:c!lX1'':r>·'}''::~ 
10.9 0.01 NA 

65.41899 0.03 1.5E+00 
1043.524 0.01 NA 
143514.1 0.01 NA 
:;::2~.60'3~~ t'~r:O:tHt1t~~ l!l:fi:':\1~/:V$' . ,,.,, .• : . /;'ij 

31.8 0.01 NA 
385.4541 0.01 NA 

2.4 0.13 7.3E-01 
2.1 0.13 7.3E-01 
3 0.13 7.3E+00 

1.9 0.13 7.3E+00 
2.3 0.13 7.3E-01 

Provenzano Trucking Leased Parcel 

Value 
cs (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 

1.00E-06 
0.30 
cs 

3,300 
180 

1 
70 

25,550 
365 

Carcinoaens Noncarcinoaens 
RfDd DAD %Contrib. DAD % Contrib. Dermal 

(ma/ka/d) (ma/ka/d) ILCR TotaiiLCR · (ma/ka/d) HQ HI Bioaccessibility 
¥I\1~G"E#i~!l. . '2&1;1:%1\tSJiMt ., __ 

... 1:%0'$% tri~Rs..-aw; !Btll'-6$'." '>AA> 

6.0E-05 1.1E-08 -- -- 7.6E-07 1.3E-02 5.5% 
3.0E-04 2.0E-07 2.9E-07 36% 1.4E-05 4.6E-02 19.8% 
7.5E-05 1.0E-06 -- -- 2.3E-07 3.0E-03 1.3% 0.0031 
3.0E-01 1.4E-04 -- -- 1.0E-02 3.3E-02 14.5% 

/ll!0:8:;Jj4 ::-t:;:::~;'\:Y ' •. ~'tJK~t~m~· /;'' ~:mS4tf~ %:$i.fiE'id3i!! iil:li\l'l:i~~~ ;_i';t;;t;~¥?f~~Ig;cq~·od5 
7.0E-05 3.2E-08 -- -- 4.0E-09 5.7E-05 0.0% 0.0018 
2.6E-05 3.8E-07 -- -- 3.2E-06 1.2E-01 54.0% 0.12 

NA 3.1E-08 2.3E-08 3% 2.2E-06 -- --
NA 2.7E-08 2.0E-08 2% 1.9E-06 -- --
NA 3.9E-08 2.8E-07 35% 2.7E-06 -- --
NA 2.5E-08 1.8E-07 22% 1.7E-06 -- --
NA 3.0E-08 2.2E-08 3% 2.1E-06 -- ... 

TotaiiLCR: 8.2E-07 100% Total HI: 0.2 100.0% 

1.1E-02 
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Scenario = Adult Industrial Worker 
Medium/Exposure Inhalation of Fugitive Dusts from Soils 

COl (mg/kg/d)= (Ca*RR*ET*EF*ED)/(BW*AT) 
Ca = C*(1/PEF) 
ILCR = CDI*CSFo 
HQ = CDI/RfDo 

Parameter 
CDI 
ILCR 
CSFi 
HQ 
RfDi 
c 

Ca 
PEF 
RR 
ET 
EF 
ED 
BW 

AT-C 
A T-N 

NOTES: 
- Not applicable. 

NA- Toxicity criterion not available. 
% Contribution for this pathway only 

Units 
mg/kg~d 

NA 
1/(mg/kg/d) 

NA 
mg/kg/d 
mg/kg 
mg/m3 
m3/kg 
m3/hr 
hr/day 

days/year 
years 

kg 
days 
days 

Description 
Chronic daily intake 
Incremental lifetime cancer risk 
Inhalation cancer slope factor 
Hazard quotient 
Inhalation reference dose 
Concentration of chemical in soil 
Concentration of chemical in air 
Particulate emission factor 
Respiration Rate 
Exposure Time 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

Provenzano Trucking Leased Parcel 

Value 
cs (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 
cs 

1.36E+09 
2.5 
8 

180 
1 

70 
25,550 

365 

1.6E-01 
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Scenario= Adult Resident 
Medium/Exposure Incidental Ingestion of Surface Soils 

CDI (mg/kg/d)= (C*IR*CF*FI*EF*ED)/(BW*AT) 
ILCR = CDI*CSFo 
HQ = CDI/RfDo 

Parameter Units 
CDI mg/kg/d 

ILCR NA 
CSFo 1/(mg/kg/d) 

HQ NA 
RIDo mg/kg/d 
c mg/kg 

IR-S mg/day 
CF kg/mg 
Fl NA 
EF days/year 
ED years 
BW kg 

AT-C days 
A T-N days 

Parameter 
7429905l~limliOfii:flG:>. . .. ·•·"~ 
74403601Antimony 
7 4403821 Arsenic 

185402991 Chromium_0.112_ 

74406221Vanadium 
2059921 Benzolb]fluoranthene 
565531Benzofa]anthracene 
503281 Benzofa]pyrene 
537031Dibenzra,h]anthracene 

193395llndeno(1 ,2,3-cd)pyrene 

NOTES: 
- Not applicable. 

NA- Toxicity criterion not available. 
% Contribution for this pathway only 

Description Value 
Chronic daily intake cs (Chemical Specific) 
Incremental lifetime cancer risk cs 
Oral cancer slope factor cs 
Hazard quotient cs 
Oral reference dose cs 
Concentration of chemical in soil cs 
Ingestion rate of soil 100 
Conversion factor 1.00E-06 
Fraction of soil ingested from site 1 
Exposure frequency 350 
Exposure duration 30 
Body weight 70 
Averaging time, carcinogens 25,550 
Averaging time, noncarcinogens 10,950 

Carcinogens 

ILCR 

10.9 I NA I 4.0E-04 I 6.4E-06 
65.41899 1.5E+00 
1043.524 NA 
143514.1 NA 

•\ ' 'I '.'22fdb~'r1 .<i,;NN:"}":':•:}''J ;. 
31.8 NA 

385.4541 NA 
2.4 7.3E-01 
2.1 7.3E-01 
3 7.3E+00 

1.9 7.3E+00 
2.3 7.3E-01 

3.0E-04 
3.0E-03 
3.0E-01 

· 2:oe~-:o2< 
7.0E-05 
1.0E-03 

NA 
NA 
NA 
NA 
NA 

3.8E-05 
6.1E-04 
8.4E-02 

·· f!3e~Q2• 
1.9E-05 
2.3E-04 
1.4E-06 
1.2E-06 
1.8E-06 
1.1E-06 
1.4E-06 

TotaiiLCR: 

5.8E-05 

,' : 

1.0E-06 
9.0E-07 
1.3E-05 
8.1E-06 
9.9E-07 
8.2E-05 

Provenzano Trucking Leased Parcel 

Noncarcinogens 
% Contrib. Oral 

HQ HI Bioaccessibility 
lir:f.'i~~!i4::\3t'f$:j 1':2r9E¢021;'1ili12t9E~:o2J'fl0'i?2~;t1&~~::~ 

1.5E-05 I 3.7E-02 I 1% 
71% I 9.0E-05 I 3.0E-01 I 8% 

1.4E-03 I 0.48 I 13% 

1.3E-04 I 0.13 I 3% I 0.245 
1% 3.3E-06 
1% 2.9E-06 

16% 4.1E-06 
10% 2.6E-06 
1% 3.2E-06 

100% Total HI: 3.8 100% 

1.5E+00 
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Scenario= Adult Resident Provenzano Trucking Leased Parcel 
Medium/Exposure= Dermal Exposure to Surface Soils 

DAD (mg/kg/d)=(C*CF* AF* ABS*SA*EF*ED)/(BW* AT) 
ILCR = CDI*CSFd 
HQ = CDI/RIDd 

Parameter 
DAD 
ILCR 
CSFd 
HQ 

RIDd 
c 

CF 
AF 

ABS 
SA 
EF 
ED 
BW 

AT·C 
AT·N 

Units Description 
mglkg/d Dermally absorbed dose 

NA Incremental lifetime cancer risk 
1/(mg/kg/d) Dermal cancer slope factor 

NA Hazard quotient 
mg/kg/d Dermal reference dose 
mglkg Concentration of chemical in soil 
kg/mg Conversion factor 

mg/cm2 Soil to skin adherence factor 
NA Absorption fraction 

cm21day Skin surface area available for contact 
days/year Exposure frequency 

years Exposure duration 
kg Body weight 

days Averaging time, carcinogens 
days Averaging time, noncarcinogens 

c 
Parameter 

Value 
cs (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 

1.00E·06 
O.o? 
cs 

5,700 
350 
30 
70 

25,550 
10,950 

Carcino~~ I __ Noncarcinog_ens 

74403601Antimol'l:l_ I 10.9 I O.Q1 NA I 6.0E·05 I 2.6E·07 I •• I •• I 6.0E·07 I 9.9E·03 I 5.5% 
74403B21Arsenic I 65.41899 I 0.03 1.5E+00 I 3.0E·04 I 4.6E·06 I 6.9E·06 I 36% I 1.1 E·05 I 3.6E·02 I 19.8% 

185402991Chromium (VIl 11043.524 I 0.01 NA I 7.5E·05 I 2.4E·05 I •• I •• I 1.8E·07 I 2.4E·03 I 1.3% 
7439896llron 1143514.1 I 0.01 NA 3.0E·01 3.4E·03 14.5% 
7 439965l~a"og1fn~s~e~w~~~i'~~,i~Si'W'i0;1~~2:\0otw!l;iri(O:~il!ll~#1:4:tt.~llttiii'+P~~~~*'Wfll\tf"t5!aiifd4l"'w 

0.0031 

74402BOIThallium I 31.8 I O.Q1 I NA I 7.0E·05 I 7.4E·07 3.1 E-09 I 4.5E·05 I 0.0% I 0.0018 
7 4406221 Vanadium 
2059921 Benzo[b ]fluoranthene 

565531 BenzQ[&anthracene 
5032BIBenz~ene 
537031 Dibenz[a,h]anthracene 

193395ilndeno(1 ,2,3~cd)pyrene 

NOTES: 
• Not applicable. 

NA • Toxicity criterion not available. 
% Contribution for this pathway only 
Antimony RIDo adjusted by 15% 
Chromium RID adjusted by 2.5% 
Managanse RID adjusted by 4% 
Vanadium RID adjusted by 2.6% 

385.4541 0.01 NA 
2.4 0.13 7.3E·01 
2.1 0.13 7.3E·01 
3 0.13 7.3E+00 

1.9 0.13 7.3E+00 
2.3 0.13 7.3E·01 

2.6E·05 9.0E·06 2.5E-06 I 9.7E·02 I 54.0% I 0.12 
NA 7.3E·07 5.3E·07 3% 1.7E·06 
NA 6.4E·07 4.7E·07 2% 1.5E·06 
NA 9.1E·07 6.7E·06 35% 2.1E·06 
NA 5.8E·07 4.2E·06 22% 1.4E·06 
NA 7.0E·07 5.1E·07 3% I 1.6E·06 

TotaiiLCR: 1.9E·05 100% I Total HI: 0.2 100.0% 

8.7E·03 

\\Svr·pitt\projects\2004 Projects\040·762 Wheeling Pitt Follansbee\2005\Human Health Risk Calculation Worksheets\Calcs with bioaccessibilityandnocr6\R·Provenzano Trucking Surface Soil Risk Calculatic:i'leSEIA·Derm 



Scenario = Adult Resident 
Medium/Exposure Inhalation of Fugitive Dusts from Soils 

CDI (mg/kg/d)= (Ca*RR*ET*EF*ED)/(BW*AT) 
Ca = C*(1/PEF) 
ILCR = CDI*CSFo 
HQ = CDI/RfDo 

Parameter Units 
CDI mg/kg/d 
ILCR NA 
CSFi 1/(mg/kg/d) 
HQ NA 
RfDi mg/kg/d 
c mg/kg 

Ca mg/m3 
PEF m3/kg 
RR m3/hr 
ET hr/day 
EF days/year 
ED years 
BW kg 

AT-C days 
A T-N days 

Parameter 
7429905 '/fl.lyt;iiiQQlJil~\i:#~i£1;~\\tJ5l-4: 
7440360 Antimony 
7440382 Arsenic 

18540299 Chromium (VI) 
7439896 Iron 
7439965 ;~a~fulf{rjfJ~t~~Ik~~Ef:~t~~#NJTS~~~zf> 
7440280 Thallium 
7440622 Vanadium 

205992 Benzo[b]fluoranthene 
56553 Benzo[ alanthracene 
50328 Benzo[a]pyrene 
53703 Dibenz[a,h]anthracene 

193395 lndeno(1 ,2,3-cd)pyrene 

NOTES: 
- Not applicable. 

NA- Toxicity criterion not available. 
% Contribution for this pathway only 

Description 
Chronic daily intake 
Incremental lifetime cancer risk 
Inhalation cancer slope factor 
Hazard quotient 
Inhalation reference dose 
Concentration of chemical in soil 
Concentration of chemical in air 
Particulate emission factor 
Respiration Rate 
Exposure Time 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

c Ca CSFi 
(mg!kg) mg/m3 1/(mg/kg/d 

·~~"all~Iat f.' \~i, ",'t':A_-,f!. ti'1~S9EtJ1~ 0~'llli11if~-
10.9 8.01E-09 NA 

65.41899 4.81 E-08 1.51E+01 
1043.524 7.67E-07 4.10E+01 
143514.1 1.06E-04 NA 

1~l2~i!;{)Jilll ~~~~S:W,Pi ltii~N)\~ 
31.8 2.34E-08 NA 

385.4541 2.83E-07 NA 
2.4 1.76E-09 NA 
2.1 1.54E-09 NA 
3 2.21E-09 3.10E+00 

1.9 1.40E-09 NA 
2.3 1.69E-09 NA 

Provenzano Trucking Leased Pare 

Value 
cs (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 
cs 

1.36E+09 
0.833 

7 
350 
30 
70 

25,550 
10,950 

Carcinogens Noncarcinogens 
RfDi CDI % Contrib. CDI % Contrib. 

(mg/kg/d) (mg/kg/d) ILCR TotaiiLCR (mg/kg/d) HQ HI 
®!:1;;o·we:tXa:A ;&~~~6.t!ili. '' )- 1%\r~.i?Z.E':~'(:);e:;l!,l 11111l~~:e~~• l\i;\;it1\?'~1]l 

NA 2.7E-10 -- -- 6.4E-10 -- --
NA 1.6E-09 2.5E-08 2% 3.8E-09 -- --

3.00E-05 2.6E-08 1.1 E-06 98% 6.1E-08 2.0E-03 2% 
NA 3.6E-06 -- 8.4E-06 -- --

,,:~~J!it0~~ ;r;Nrf$~~~'Q-r& II ~~H'$E¥~~lf .~a.,•'::. 
NA 8.0E-10 -- 1.9E-09 -- --
NA 9.7E-09 -- -- 2.3E-08 -- --
NA 6.0E-11 -- -- 1.4E-10 -- --
NA 5.3E-11 -- -- 1.2E-10 -- --
NA 7.6E-11 2.3E-10 0% 1.8E-10 -- --
NA 4.8E-11 -- -- 1.1E-10 -- --
NA 5.8E-11 -- -- 1.4E-1 0 -- --

TotaiiLCR: 1.1E·06 100% Total HI: 0.1 100% 

9.2E-02 
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Scenario= Adult Child 
Medium/Exposure Incidental Ingestion of Surface Soils 

CDI (mg/kg/d)= (C*IR*CF*FI*EF*ED)/(BW*AT) 
ILCR = CDI*CSFo 
HQ = CDI/RfDo 

Parameter Units 
CDI mg/kg/d 

ILCR NA 
CSFo 1/(mg/kg/d) 

HQ NA 
RIDo mg/kg/d 
c mg/kg 

IR·S mg/day 
CF kg/mg 
Fl NA 
EF days/year 
ED years 
BW kg 

AT·C days 
A T-N days 

Description 
Chronic daily intake 
Incremental lifetime cancer risk 
Oral cancer slope factor 
Hazard quotient 
Oral reference dose 
Concentration of chemical in soil 
Ingestion rate of soil 
Conversion factor 
Fraction of soil ingested from site 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

c CSFo 

Provenzano Trucking Leased Parcel 

Value 
cs (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 
200 

1.00E·06 
1 

350 
6 

15 
25,550 
2,190 

Carcinogens I Noncarcinogens 

1 {(rrrg/~gLd) d~~~~~iii~:m:f;:i;i~i:ii.;;;m;¥;;,i!;:~~!ll'.':ii:ii~mf=~~=Bioaccessibility 

74403601Antimor:!Y_ I 10.9 I NA 4.0E-04 1.2E-05 I ·· · I ·· I 1.4E·04 I 3.5E-01 I 1% 
74403821Arsenic I 65.418991 1.5E+00 3.0E-04 7.2E-05 

185402991Chromium (VI) 11043.5241 NA 3.0E·03 1.1E·03 
NA 3.0E-01 1.6E-01 

~'\2:oE~o~ct.?'' '':!5~~'; , · z:4et::oz 
74402801Thallium I 31.8 I NA I 7.0E-05 3.5E-05 
74406221Vanadium 

2059921 Benzofb]fluoranthene 
565531 Benzor a]anthracene 
503281 Benzor a]pyrene 
537031 Dibenzra,h]anthracene 

193395llndeno(1 ,2,3-cd)pyrene 

NOTES: 
• Not applicable. 

NA ·Toxicity criterion not available. 
% Contribution for this pathway only 

385.4541 
2.4 
2.1 
3 

1.9 
2.3 

NA 1.0E-03 4.2E-04 
7.3E·01 NA 2.6E-06 
7.3E·01 NA 2.3E-06 
7.3E+00 NA 3.3E-06 
7.3E+00 NA 2.1E-06 
7.3E-01 NA 2.5E-06 

TotaiiLCR: 

1.1E-04 71% 8.4E-04 I 2.8E+00 8% 
1.3E-02 I 4.45 13% 

4.1E·04 I 5.81 I 17% 
1 .2E-03 I 1 .21 I 3% 

1.9E-06 1% I 3.1E-05 
1.7E-06 1% I 2.7E-05 
2.4E-05 16% I 3.8E-05 
1.5E-05 10% I 2.4E-05 
1.8E-06 1% I 2.9E-05 
1.5E·04 100% I Total HI: 35.1 100% 

1.4E+01 

0.245 
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Scenario= Child Resident Provenzano Trucking Leased Parcel 
Medium/Exposure= Dermal Exposure to Surface Soils 

DAD (mg/kg/d)=(C*CF* AF* ABS*SA*EF*ED)/(BW* AT) 
ILCR = CDI*CSFd 
HO= CDI/RIDd 

Parameter Units 
DAD mg/kg/d 
ILCR NA 
CSFd 1/(mg/kg/d) 
HQ NA 

RIDd mg!kg/d 
c mg/kg 

CF kg/mg 
AF mg/cm2 

ABS NA 
SA cm2!day 
EF days/year 
ED years 
BW kg 

AT-C days 
A T-N days 

Description 
Dermally absorbed dose 
Incremental lifetime cancer risk 
Dermal cancer slope factor 
Hazard quotient 
Dermal reference dose 
Concentration of chemical in soil 
Conversion factor 
Soil to skin adherence factor 
Absorption fraction 
Skin surface area available for contact 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

Value 
cs (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 

1.00E-06 
0.20 
cs 

2,800 
350 
6 
15 

25,550 
2,190 

c I 

Parameter 
c 

(mg/kg) ABS 
CSFd 

1/(mg/kg/d) 
RIDd 

(mglkg/aJ 
DAD 

(mg/kg/cl) ILCR 
I% Contrib.IDermal 

HQ _L______til_ "" 

10.9 
7 44o382lf\-rserlic 65.41899 

18540299IChromium (VI) 1043.524 
7439896llron 
7' 

7440280IThallium 

NOTES: 
- Not applicable. 

NA- Toxicity criterion not available. 
% Contribution for this pathway only 
Antimony RIDo adjusted by 15% 
Chromium RID adjusted by 2.5% 
Managanse RID adjusted by 4% 
Vanadium RID adjusted by 2.6% 

143514.1 
__ , .... t%~- hiS~-·J~~:J1~TI ···--,···~·· 

31.8 
385.4541 

2.4 
2.1 

3 
1.9 

2.3 

0.01 
0.03 
0.01 
0.01 

O.D1 
0.01 
0.13 
0.13 
0.13 
0.13 

Q.i3 

NA I S.OE-05 I 3.3E-07 I -- I -- I 3.9E-06 I 6.5E-02 5.5% 
1.5E+00 I 3.0E-04 1-S.OE-06 f_9~QI:-06- ~- 36% _ L7.0E-05 I 2.3E-01 19.8% 

NA I 7.5E-05 I 3.2E-05 I -- I -- I 1.2E-06 I 1.5E-02 1.3% 
NA 3.0E-01 14.5% 

·~ 

"'-~ 
?-'f~t:j"~,. "·(~ 

NA 7.0E-05 0.0% 
NA 2.6E-05 6.4E-01 ~ 

7.3E-01 NA --
7.3E-01 NA -- --
7.3E+00 NA --
7.3E+00 NA -- --
7.3E-01 NA --

TotaiiLCR 2.5E-05 100% I Total HI: 1.2 100.0% 

5.7E-02 

-:t...u:, 

0.0031 

0.005 
0.0018 

0._1g 
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Scenario = Child Resident 
Medium/Exposure Inhalation of Fugitive Dusts from Soils 

CDI (mg/kg/d)= (Ca*RR*ET*EF*ED)/(BW*AT) 
Ca = C*(1/PEF) 
ILCR = CDI*CSFo 
HQ = CDI/RfDo 

Parameter 
CDI 

ILCR 
CSFi 
HQ 
RfDi 
c 

Ca 
PEF 
RR 
ET 
EF 
ED 
BW 

AT-C 
A T-N 

NOTES: 
- Not applicable. 

NA- Toxicity criterion not available. 
% Contribution for this pathway only 

Units 
mg/kg/d 

NA 
1/(mg/kg/d) 

NA 
mg/kg/d 
mg/kg 
mg/m3 
m3/kg 
m3/hr 
hr/day 

days/year 
years 

kg 
days 
days 

Description 
Chronic daily intake 
Incremental lifetime cancer risk 
Inhalation cancer slope factor 
Hazard quotient 
Inhalation reference dose 
Concentration of chemical in soil 
Concentration of chemical in air 
Particulate emission factor 
Respiration Rate 
Exposure Time 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

Provenzano Trucking Leased Pare 

Value 
cs (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 
cs 

1.36E+09 
0.5 
7 

350 
9 

70 
25,550 
3,285 

5.5E-02 
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PROVENZANO TRUCKING LEASED PARCEL 
Subsurface Soil 

Adult Construction Worker LICR HI HI HI 
no target orgs CNS other effects 

Ingestion 2.7E-07 0.43 0.00 0.43 
Dermal Contact 1.8E-07 0.08 0.00 0.08 
Inhalation 5.6E-10 0.08 0.08 0.00 

4.57E-07 0.59 0.09 0.50 



Scenario= Adult Construction Worker 
Medium/Exposure Incidental Ingestion of Subsurface Soils 

CDI (mg/kg/d)= (C*IR*CPFI*EF*ED)/(BW*AT) 
ILCR = CDI*CSFo 
HQ = CDI/RfDo 

Parameter 
CDI 
ILCR 
CSFo 
HQ 

RfDo 
c 

IRS 
CF 
Fl 
EF 
ED 
BW 
ATC 
ATN 

Not applicable. 
NA Toxicity criterion not available. 

% Contribution for this pathway only 

Units 
mg/kg/d 

NA 
1/(mg/kg/d) 

NA 
mg/kg/d 
mg/kg 
mg/day 
kg/mg 

NA 
days/year 

years 
kg 

days 
days 

Description 
Chronic daily intake 
Incremental lifetime cancer risk 
Oral cancer slope factor 
Hazard quotient 
Oral reference dose 
Concentration of chemical in soil 
Ingestion rate of soil 
Conversion factor 
Fraction of soil ingested from site 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

Provenzano Trucking Leased Parcel 

Value 
cs (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 
64 

1.00E·06 
1 

180 
1 

70 
25,550 

365 

2.03E-08 
4.23E·01 
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Scenario= Adult Construction Worker 
Medium/Exposure= Dermal Exposure to Subsurface Soils 

DAD (mg/kg/d)=(C*CF* AF* ABS*SA*EF*ED)/(BW* AT) 
ILCR = CDI*CSFd 
HQ = CDI/RIDd 

Parameter 
DAD 
ILCR 
CSFd 
HQ 

RIDd 
c 

CF 
AF 

ABS 
SA 
EF 
ED 
BW 

AT-C 
A T-N 

• Not applicable. 
NA • Toxicily criterion not available. 

% Contribution for this pathway only 
Managanse RID adjusted by 4% 
Vanadium RID adjusted by 2.6% 

Units 
mg/kg/d 

NA 
1/(mg/kg/d) 

NA 
mg/kg/d 
mg/kg 
kg/mg 

mg/cm2 
NA 

cm21day 
days/year 

years 
kg 

days 
days 

Description 
Dermally absorbed dose 
Incremental lifetime cancer risk 
Dermal cancer slope factor 
Hazard quotient 
Dermal reference dose 
Concentration of chemical in soil 
Conversion factor 
Soil to skin adherence factor 
Absorption fraction 
Skin surface area available for contact 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

Provenzano Trucking Leased Parcel 

Value 
cs (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 

1.00E-06 
0.30 
cs 

3,300 
180 
1 

70 
25,550 

365 

4.9E-03 
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Scenario = Adult Construction Worker 
Medium/Exposure Inhalation of Fugitive Dusts & Volatiles from Soils 

CDI (mg/kg/d)= (Ca*RR*ET*EF*ED)/(BW*AT) 
Ca = C*(1/PEF) 
ILCR = CDI*CSFo 
HQ = CDI/RfDo 

Parameter 
CDI 
ILCR 
CSFi 
HQ 
RfDi 
c 
Ca 

PEF 
RR 
ET 
EF 
ED 
BW 

AT-C 
A T-N 

- Not applicable. 
NA- Toxicity criterion not available. 

% Contribution for this pathway only 

Units 
mg/kg/d 

NA 
1/(mg/kg/d) 

NA 
mglkg/d 
mg/kg 
mg/m3 
m3/kg 
m3/hr 
hr/day 

days/year 
years 

kg 
days 
days 

Description 
Chronic daily intake 
Incremental lifetime cancer risk 
Inhalation cancer slope factor 
Hazard quotient 
Inhalation reference dose 
Concentration of chemical in soil 
Concentration of chemical in air 
Particulate emission factor 
Respiration Rate 
Exposure Time 
Exposure frequency 
Exposure duration 
Body weight 
Averaging lime, carcinogens 
Averaging lime, noncarcinogens 

Provenzano Trucking Leased Pare 

Value 
cs (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 
cs 

1.36E+09 
2.5 
8 

180 
1 

70 
25,550 

365 

8.2E-02 
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Murphy Leasd Parce1_1South) 
Surface Soil ICR HI HI HI 
Adult Resident no target orgs CNS other effects 

lng_estion 1.4E-05 4.78 3.03 1.74 
Dermal Contact 3.2E-06 0.16 0.02 0.14 
Inhalation 6.4E-06 0.01 0.00 0.01 
Total 2.3E-05 4.95 3.05 1.90 

Child Resident 
Ingestion 2.6E-05 44.61 28.32 16.28 
Dermal Contact 4.1 E-06 1.03 0.11 0.92 
Inhalation 7.1E-06 0.07 0.00 0.07 
Total 3.7E-05 45.70 28.43 17.27 

Adult Industrial Worker 
lng_estion 4.1E-06 1.71 1.08 0.62 
Dermal Contact 3.1E-06 0.19 0.02 0.17 
Inhalation 5.2E-06 0.01 0.00 0.01 
Total 1.2E-05 1.90 1.10 0.80 

Adult Construction Worker 
Ingestion 1.5E-07 1.57 1.00 0.57 
Dermal Contact 1.3E-07 0.20 0.02 0.18 
Inhalation 3.7E-07 0.02 0.00 0.02 
Total 6.58E-07 1.79 1.02 0.77 



,.· 

Scenario= Adult Industrial Worker 
Medium/Exposure Incidental Ingestion of Surface Soils 

CDI (mg/kg/d)= (C'IR'CF'FI'EF'ED)/(BW' AT) 
ILCR = CDI'CSFo 
HQ = CDI/R!Do 

Parameter Units 
CDI mg/kg/d 
ILCR NA 
CSFo 1/(mg/kg/d) 
HQ NA 

RfDo mg/kg/d 
c mg/kg 

IR-S mg/day 
CF kg/mg 
Fl NA 
EF days/year 
ED years 
BW kg 

AT-C days 
A T-N days 

Parameter 
7429905 Aluminum 
7440360 Antimony 
7440382 Arsenic 

18540299 Chromium (VI) 
7439896 Iron 
7439965 Manganese 
7440280 Thallium 
7440622 Vanadium 

50328 Benzo[a]pyrene 
53703 Dibenz[a,h)anthracene 

NOTES. 
- Not applicable. 

NA- Toxicity criterion not available. 
% Contribution for this pathway only 

Description 
Chronic daily intake 
Incremental lifetime cancer risk 
Oral cancer slope factor 
Hazard quotient 
Oral reference dose 
Concentration of chemical in soil 
Ingestion rate of soil 
Conversion factor 
Fraction of soil ingested from site 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging lime, noncarcinogens 

c CSFo 
(mglkg) 1 /(mg/kg/d) 
20300 NA 
11.3 NA 
11.2 1.5E+00 
632 NA 

170000 NA 
43900 NA 
23.9 NA 
364 NA 
0.71 7.3E+00 
0.18 7.3E+00 

Murphy Leased Parcel (South) 

Value 
cs (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 
50 

1.00E-06 
1 

250 
25 
70 

25,550 
9,125 

Carcinogens Noncarcinog_ens 
RfDo CDI % Contrib. CDI % Contrib. Oral (mg/kg/d) (mg/kg/d) ILCR TotaiiLCR (mg/kg/d) HQ HI Bioaccessibility 1.0E+00 3.5E-03 -- -- 9.9E-03 9.9E-03 1% 

4.0E-04 2.0E-06 -- -- 5.5E-06 1.4E-02 1% 
3.0E-04 2.0E-06 2.9E-06 72% 5.5E-06 1.8E-02 1% 
3.0E-03 1.1E-04 -- -- 3.1E-04 0.10 6% 1 3.0E-01 3.0E-02 -- -- 8.3E-02 0.28 16% 
2.0E-02 7.7E-03 -- -· 2.1E-02 1.074 63% 1 
7.0E-05 4.2E-06 -- ·- 1.2E-05 0.17 10% 1 1.0E-03 6.4E-05 -· .. 4.4E-05 0.04 3% 0.245 NA 1.2E-07 9.1E·07 22% 3.5E-07 ·- --NA 3.1E·08 2.3E·07 6% 8.8E-08 -- --

TotaiiLCR: 4.1E-06 100% Total HI: 1.7 100% 

1.1 E+OO 
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Scenario::: Adult Industrial Worker 
Medium!Exposure= Dermal Exposure to Surface Soils 

DAD (mgfkg/d)=(C*CF* AF* ABS*SA*EF*ED)/(BW* AT) 
ILCR = CDI*CSFd 
HQ= CDI!RfDd 

Parameter Units 
DAD mglkg/d 
ILCR NA 
CSFd 1/(mg/kg/d) 

HQ NA 
RfDd mg/kg/d 
c mg/kg 

CF kg/mg 
AF mg/cm2 

ABS NA 
SA cm21day 
EF days/year 
ED years 
BW kg 

AT-C days 
A T-N days 

Parameter 
7429905 Aluminum 
7440360 Antimony 
7440382 Arsenic 

18540299 Chromium (VI) 
7439896 Iron 
7439965 Manganese 
7440280 Thallium 
7440622 Vanadium 

50328 Benzo[a)pyrene 
53703 Dibenz[a,h]anthracene 

NOTES: 
- Not applicable. 

NA - Toxicity criterion not available. 
% Contribution for this pathway only 
Antimony RIDo adjusted by 15% 
Chromium RID adjusted by 2.5% 
Managanse RID adjusted by 4% 
Vanadium RID adjusted by 2.6% 

Description 
Dermally absorbed dose 
Incremental lifetime cancer risk 
Dermal cancer slope factor 
Hazard quotient 
Dermal reference dose 
Concentration of chemical in soil 
Conversion factor 
Soil to skin adherence factor 
Absorption fraction 
Skin surface area available for contact 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

c CSFd 
(mg!kg) ABS 1/( mg/kg/d) 
20300 0.01 NA 
11.3 0.01 NA 
11.2 0.03 1.5E+00 
632 0.01 NA 

170000 0.01 NA 
43900 0.01 NA 
23.9 0.01 NA 
364 0.01 NA 
0.71 0.13 7.3E+00 
0.18 0.13 7.3E+00 

Murphy Leased Parcel (South) 

Value 
cs (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 

1.00E-06 
0.20 
cs 

3,300 
250 
25 
70 

25,550 
9,125 

Carcinogens Noncarcinogens 
RfDd DAD % Contrib. DAD % Contrib. Dermal 1 (mg/kg/d) (mg!kg/d) ILCR TotaiiLCR (mg!kg/d) HQ HI Bioaccessibility 

1.0E+00 4.7E-D4 -- -- 1.3E-03 1.3E-03 0.7% 
6.0E-05 2.6E-07 -- -- 7.3E-07 1.2E-02 6.6% 
3.0E-04 7.7E-07 1.2E-06 37% 2.2E-06 7.2E-03 3.9% 
7.5E-05 1.5E-05 -- -- 1.3E-07 1.7E-03 0.9% 0.0031 
3.0E-01 3.9E-03 -- -- 1.1E-02 3.7E-02 19.8% 
8.0E-04 1.0E-03 -- -- 1.4E-05 1.8E-02 9.6% 0.005 
7.0E-05 5.5E-07 -- -- 2.8E-09 4.0E-05 0.0% 0.0018 
2.6E-05 8.4E-06 -- -- 2.8E-06 1.1E-01 58.6% 0.12 

NA 2.1E-07 1.6E-06 50% 6.0E-07 -- --
NA 5.4E-08 3.9E-07 13% 1.5E-07 -- --

TotaiiLCR: 3.1E-06 100% Total HI: 0.2 100.0% 

1.9E-02 
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Scenario= Adult Industrial Worker 
Medium/Exposure Inhalation of Fugitive Dusts from Soils 

CDI (mg/kg/d)= (Ca*RR*ET*EF*ED)/(BW*AT) 
Ca = C*(1/PEF) 
ILCR = CDI*CSFo 
HQ = CDI/RIDo 

Parameter Units 
CDI mg/kg/d 
ILCR NA 
CSFi 1/(mg/kg/d) 
HQ NA 
RfDi mg/kg/d 
c mg/kg 

Ca mg/m3 
PEF m3/kg 
RR m3/hr 
ET hr/day 
EF days/year 
ED years 
BW kg 

AT-C days 
A T-N days 

Parameter 
7429905 Aluminum 
7440360 Antimony 
7440382 Arsenic 

18540299 Chromium (VI) 
7439896 Iron 
7439965 Manganese 
7440280 Thallium 
7440622 Vanadium 

50328 Benzo[a]pyrene 
53703 Dibenz[ a,h]anthracene 

NOTES. 
- Not applicable. 

NA - Toxicity criterion not available. 
% Contribution for this pathway only 

Description 
Chronic daily intake 
Incremental lifetime cancer risk 
Inhalation cancer slope factor 
Hazard quotient. 
Inhalation reference dose 
Concentration of chemical in soil 
Concentration of chemical in air 
Particulate emission factor 
Respiration Rate 
Exposure Time 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

c Ca CSFi 
(mg!kg) mg!m3 1/(mg/kg/d 

2.689814 1.98E-09 NA 
17.38672 1.28E-08 NA 
63.51314 4.67E-08 1.51 E+01 
6136.224 4.51E-06 4.10E+01 
56.92654 4.19E-08 NA 
50.27643 3.70E-08 NA 
50.67433 3.73E-08 NA 
36.03521 2.65E-08 NA 
4.634809 3.41E-09 3.10E+OO 
7.363461 5.41E-09 NA 

Murphy Leased Parcel (South) 

Value 
cs (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 
cs 

1.36E+09 
1 
8 

250 
25 
70 

25,550 
9,125 

Carcinogens Noncarcinogens 
RfDi CDI % Contrib. CDI % Contrib. 

(mg/kg/d) jmg/_l<g/dl ILCR TotaiiLCR (mg/kg/d) HO HI 
1.00E-03 5.5E-11 -- -- 1.5E-10 1.5E-07 0% 

NA 3.6E-10 -- -- 1.0E-09 -- --
NA 1.3E-09 2.0E-08 0% 3.7E-09 -- --

3.00E-05 1.3E-07 5.2E-06 100% 3.5E-07 1.2E-02 98% 
NA 1.2E-09 -- -- 3.3E-09 -- --

1.43E-05 1.0E-09 -- -- 2.9E-09 2.0E-04 2% 
NA 1.0E-09 -- -- 2.9E-09 -- --
NA 7.4E-10 -- -- 2.1E-09 -- --
NA 9.5E-11 3.0E-10 0% 2.7E-10 -- --
NA 1.5E-10 -- -- 4.2E-10 -- --

TotaiiLCR: 5.2E-06 100% Total HI: 0.01 100% 

2.0E-04 
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Scenario= Adult Construction Worker 
Medium/Exposure Incidental Ingestion of Surface Soils 

CDI (mg/kg/d)= (C.IR*CF.FI.EF.ED)/(BW.AT) 
ILCR = CDI.CSFo 
HQ= CDI/RfDo 

Parameter Units 
COl mg/kg/d 

ILCR NA 
CSFo 1/(mg/kg/d) 
HQ NA 

RfDo mg/kg/d 
c mg/kg 

IR-S mg/day 
CF kg/mg 
Fl NA 
EF days/year 
ED years 
BW kg 

AT-C days 
A T-N days 

Parameter 
7429905 Aluminum 
7440360 Antimony 
7440382 Arsenic 

18540299 Chromium (VI) 
7439896 Iron 
7439965 Manganese 
7440280 Thallium 
7440622 Vanadium 

50328 Benzo[a)pyrene 
53703 Dibenz[a,h ]anthracene 

NOTES. 
- Not applicable. 

NA - Toxicity criterion not available. 
% Contribution for this pathway only 

Description 
Chronic daily intake 
Incremental lifetime cancer risk 
Oral cancer slope factor 
Hazard quotient 
Oral reference dose 
Concentration of chemical in soil 
Ingestion rate of soil 
Conversion factor 
Fraction of soil ingested from site 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

c CSFo 
(mg/kg) 1/(mg/kg/d) 
20300 NA 
11.3 NA 
11.2 1.5E+00 
632 NA 

170000 NA 
43900 NA 
23.9 NA 
364 NA 
0.71 7.3E+00 
0.18 7.3E+00 

1.0E+00 

Murphy Leased Parcel (South) 

Value 
cs (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 
64 

1.00E-06 
1 

180 
1 

70 
25,550 

365 

Carcinogens Noncarcinogens 
RfDo CDI %Contrib. COl % Contrib. Oral (mg/kg/d) (mg/kg/d) ILCR TotaiiLCR (mglkg/d) HQ HI Bioaccessibility 1.0E+00 1.3E-04 -- -- 9.2E-03 9.2E-03 1% 

4.0E-04 7.3E-Q8 -- -- 5.1 E-06 1.3E-02 1% 
3.0E-04 7.2E-08 1.1E-07 72% 5.0E-06 1.7E-02 1% 
3.0E-03 4.1E-06 -- -- 2.8E-04 0.09 6% 1 3.0E-01 1.1E-03 -- -- 7.7E-02 0.26 16% 
2.0E-02 2.8E-Q4 -- -- 2.0E-02 0.990 63% 1 7.0E-05 1.5E-07 -- -- 1.1E-05 0.15 10% 1 l.OE-03 2.3E-06 -- -- 4.0E-05 0.04 3% 0.245 NA 4.6E-09 3.3E-08 22% 3.2E-07 -- --NA 1.2E-09 8.5E-09 6% 8.1E-08 -- --

To!IIII(_CR: 1.5E-07 100% Total HI: 1.6 100% 

1.0E+00 
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Scenario= Adult Construction Worker I Medium/Exposure= Dermal Exposure to Surface Soils 

DAD (mg/kg/d)=(C*CPAF* ABS*SA*EF*ED)/(BW* AT) 
ILCR = CDI*CSFd 
HQ = CDI/R!Dd 

Parameter Units 
DAD mg/kg/d 
ILCR NA 
CSFd 1/(mg/kg/d) 
HQ NA 

R!Dd mg/kg/d 
c mg/kg 

CF kg/mg 
AF mg/cm2 

ABS NA 
SA cm2/day 
EF days/year 
ED years 
BW kg 

AT-C days 
A T-N days 

Parameter 
7429905 Aluminum 
7440360 Antimony 
7440382 Arsenic 

18540299 Chromium (VI) 
7439896 Iron 
7439965 Manganese 
7440280 Thallium 
7440622 Vanadium 

50328 Benzo[a]pyrene 
53703 Dibenz[a,h]anthracene 

NOTES: 
- Not applicable. 

NA- Toxicity criterion not available. 
% Contribution for this pathway only 
Antimony RIDo adjusted by 15% 
Chromium RID adjusted by 2.5% 
Managanse RID adjusted by 4% 
Vanadium RID adjusted by 2.6% 

Description 
Dermally absorbed dose 
Incremental lifetime cancer risk 
Dermal cancer slope factor 
Hazard quotient 
Dermal reference dose 
Concentration of chemical in soil 
Conversion factor 
Soil to skin adherence factor 
Absorption fraction 
Skin surface area available for contact 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

c CSFd 
(mg/kg) ABS 1/(mg/kg/d) 
20300 0.01 NA 
11.3 0.01 NA 
11.2 0.03 1.5E+00 
632 0.01 NA 

170000 0.01 NA 
43900 0.01 NA 
23.9 0.01 NA 
364 0.01 NA 
0.71 0.13 7.3E+00 
0.18 0.13 7.3E+00 

Murphy Leased Parcel (South) 

Value 
cs (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 

1.00E-06 
0.30 
cs 

3,300 
180 
1 

70 
25,550 

365 

Carcinogens Noncarcinogens 
RIDd DAD % Contrib. DAD % Contrib. Dermal (mg/kg/d) (mg/kg/d) ILCR TotaiiLCR (mg!kg/d) HQ HI Bioaccessibility 1.0E+00 2.0E-05 -- -- 1.4E-03 1.4E-03 0.7% 

6.0E-05 1.1E-08 -- -- 7.9E-07 1.3E-02 6.6% 
3.0E-04 3.3E-08 S.OE-08 37% 2.3E-06 7.8E-03 3.9% 
7.5E-05 6.3E-07 -- -- 1.4E-07 1.8E-03 0.9% 0.0031 3.0E-01 1.7E-04 -- -- 1.2E-02 4.0E-02 19.8% 
8.0E-04 4.4E-05 -- -- 1.5E-05 1.9E-02 9.6% 0.005 
7.0E-05 2.4E-08 -- -- 3.0E-09 4.3E-05 0.0% 0.0018 
2.6E-05 3.6E-07 -- -- 3.0E-06 1.2E-01 58.6% 0.12 NA 9.2E-09 6.7E-08 50% 6.4E-07 -- --NA 2.3E-09 1.7E-08 13% 1.6E-07 -- --TotaiiLCR: _j.3E-07 100% Total HI: 0.2 100.0% 

2.1E-02 
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Scenario= Adult Construction Worker 
Medium/Exposure Inhalation of Fugitive Dusts from Soils 

CDI (mg/kg/d)= (Ca*RR*ET*EF*ED)/(BW*AT) 
Ca = C*(1/PEF) 
ILCR = CDI*CSFo 
HQ = CDI/RfDo 

Parameter Units 
CDI mglkg/d 
ILCR NA 
CSFi 1/(mg/kg/d) 
HQ NA 
RfDi mglkg/d 
c mg/kg 

Ca mg/m3 
PEF m3/kg 
RR m3/hr 
ET hr/day 
EF days/year 
ED years 
BW kg 

AT-C days 
A T-N days 

Parameter 
7429905 Aluminum 
7440360 Antimony 
7440382 Arsenic 

18540299 Chromium (VI) 
7439896 Iron 
7439965 Manganese 
7440280 Thallium 
7440622 Vanadium 

50328 Benzo[a]pyrene 
53703 Dibenz[ a,h ]anthracene 

NOTES: 
- Not applicable. 

NA - Toxicity criterion not available. 
% Contribution for this pathway only 

Description 
Chronic daily intake 
Incremental lifetime cancer risk 
Inhalation cancer slope factor 
Hazard quotient 
Inhalation reference dose 
Concentration of chemical in soil 
Concentration of chemical in air 
Particulate emission factor 
Respiration Rate 
Exposure Time 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

c Ca CSFi 
_(mg/k_g)_ !llg/m3 1/(mg/kg/d 
2.689814 1.98E-09 NA 
17.38672 1.28E-08 NA 
63.51314 4.67E-08 1.51 E+01 
6136.224 4.51E-06 4.10E+01 
56.92654 4.19E-08 NA 
50.27643 3.70E-08 NA 
50.67433 3.73E-08 NA 
36.03521 2.65E-08 NA 
4.634809 3.41E-09 3.10E+00 
7.363461 5.41 E-09 NA 

Murphy Leased Parcel (South) 

Value 
cs (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 
cs 

1.36E+09 
2.5 
8 

180 
1 

70 
25,550 

365 

Carcinogens Noncarcinogens 
RfDi CDI % Contrib. CDI % Contrib. 

(mg/kg/Q)_ (mQ/kg/d) ILCR TotaiiLCR (mgil<g/dl HQ HI 
1.00E-03 4.0E-12 -- -- 2.8E-10 2.8E-07 0% 

NA 2.6E-11 -- -- 1.8E-09 -- --
NA 9.4E-11 1.4E-09 0% 6.6E-09 -- --

3.00E-05 9.1E-09 3.7E-07 100% 6.4E-07 2.1E-02 98% 
NA 8.4E-11 -- -- 5.9E-09 -- --

1.43E-05 7.4E-11 -- -- 5.2E-09 3.6E-04 2% 
NA 7.5E-11 -- -- 5.3E-09 -- --
NA 5.3E-11 -- -- 3.7E-09 -- --
NA 6.9E-12 2.1E-11 0% 4.8E-10 -- --
NA 1.1E-11 -- -- 7.6E-10 -- --

TotaiiLCR: 3.7E-o7 100% Total HI: 0.02 100% 

3.6E-04 
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Scenario = Adult Resident 
Medium/Exposure Incidental Ingestion of Surface Soils 

CDI (mg/kg/d)= (C.IR'CF.FI.EF.ED)/(BW•AT) 
ILCR = CDI•CSFo 
HQ = CDI/RfDo 

Parameter Units 
CDI mglkg/d 
ILCR NA 
CSFo 1/(mglkg/d) 
HQ NA 

RfDo mglkg/d 
c mglkg 

IR-S mglday 
CF kg/mg 
Fl NA 
EF days/year 
ED years 
BW kg 

AT-C days 
A T-N days 

Parameter 
7429905 Aluminum 
7440360 Antimony 
7440382 Arsenic 

18540299 Chromium (VI) 
7439896 Iron 
7439965 Manganese 
7440280 Thallium 
7440622 Vanadium 

50328 Benzo[a]pyrene 
53703 Dibenz[a,h)anthracene 

NOTES. 
- Not applicable. 

NA- Toxicity criterion not available. 
% Contribution for this pathway only 

Description 
Chronic daily intake 
Incremental lifetime cancer risk 
Oral cancer slope factor 
Hazard quotient 
Oral reference dose 
Concentration of chemical in soil 
Ingestion rate of soil 
Conversion factor 
Fraction of soil ingested from site 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

c CSFo 
(mg/kg) 1/(mg/kg/d) 
20300 NA 
11.3 NA 
11.2 1.5E+00 
632 NA 

170000 NA 
43900 NA 
23.9 NA 
364 NA 
0.71 7.3E+00 
0.18 7.3E+00 

Murphy Leased Parcel (South) 

Value 
cs (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 
100 

1.00E-06 
1 

350 
30 
70 

25,550 
10,950 

Carcinogens Noncarcinogens 
RfDo CDI %Contrib. CDI %Contrib. Oral . (m_g{kglcl) (mgtkg!d) ILCR TotaiiLCR (mg/kg/g) HQ HI Bioaccessibility 1.0E+00 1.2E.Q2 -- -- 2.8E-02 2.8E-02 1% 

4.0E-04 6.6E-06 -- -- 1.5E-05 3.9E-02 1% 
3.0E-04 6.6E-06 9.9E-06 72% 1.5E-05 5.1E-02 1% 
3.0E-03 3.7E-04 -- -- 8.7E-04 0.29 6% 1 3.0E-01 1.0E-01 -- -- 2.3E-01 0.78 16% 
2.0E-02 2.6E-02 -- -- 6.0E-02 3.007 63% 1 7.0E-05 1.4E-05 -- -- 3.3E-05 0.47 10% 1 1.0E-03 2.1E-04 -- -- 1.2E-04 0.12 3% 0.245 NA 4.2E-07 3.0E-06 22% 9.7E-07 -- --NA 1.1E-07 7.7E-07 6% 2.5E-07 -- --

TotaiiLCR: 1.4E-os 100% Total HI: 4.8 100% 

3.0E+00 
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Scenario= Adult Resident 
Medium/Exposure= Dermal Exposure to Surface Soils 

DAD (mg/kg/d)=(C*CF* AF* ABS*SA*EF*ED)/(BW* AT) 
ILCR = CDI*CSFd 
HQ = CDI/RfDd 

Parameter ~ 
DAD mglkg/d 
ILCR NA 
CSFd 1/(mglkg/d) 
HQ NA 

RfDd mglkg/d 
c mglkg 

CF kg/mg 
AF mg/cm2 

ABS NA 
SA cm2/day 
EF days/year 
ED years 
BW kg 

AT-C days 
A T-N days 

Parameter 
7429905 Aluminum 
7440360 Antimony 
7440382 Arsenic 

18540299 Chromium (VI) 
7439896 Iron 
7439965 Manganese 
7440280 Thallium 
7440622 Vanadium 

50328 Benzo[a]Qyrene 
53703 Dibenz[a,h]anthracene 

NOTES: 
- Not applicable. 

NA - Toxicity criterion not available. 
% Contribution for this pathway only 
Antimony RfDo adjusted by 15% 
Chromium RID adjusted by 2.5% 
Managanse RID adjusted by 4% 
Vanadium RID adjusted by 2.6% 

Description 
Dermally absorbed dose 
Incremental lifetime cancer risk 
Dermal cancer slope factor 
Hazard quotient 
Dermal reference dose 
Concentration of chemical in soil 
Conversion factor 
Soil to skin adherence factor 
Absorption fraction 
Skin surface area available for contact 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

c CSFd 
(mglkg) ABS 1/(mg/kg/dl 
20300 0.01 NA 
11.3 0.01 NA 
11.2 0.03 1.5E+00 
632 0.01 NA 

170000 0.01 NA 
43900 0.01 NA 
23.9 0.01 NA 
364 0.01 NA 
0.71 0.13 7.3E+00 
0.18 0.13 7.3E+00 

Murphy Leased Parcel (Sou 

Value 
cs (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 

1.00E-06 
0.07 
cs 

5,700 
350 
30 
70 

25,550 
10,950 

Carcinogens Noncarcinog_ens 
RfDd DAD % Contrib. DAD % Contrib. Dermal (mg/kg/d) (mg!kg/d) ILCR TotaiiLCR (mg/ko/dl HQ HI Bioaccessibili!Y 1.0E+00 4.8E-04 -- -- 1.1E-03 1.1E-03 0.7% 

6.0E-05 2.6E-07 -- -- 6.2E-07 1.0E-02 6.6% 
3.0E-04 7.9E-07 1.2E-06 37% 1.8E-06 6.1E-03 3.9% 
7.5E-05 1.5E-05 -- -- 1.1E-07 1.4E-03 0.9% 0.0031 
3.0E-01 4.0E-03 -- -- 9.3E-03 3.1E-02 19.8% 
B.OE-04 1.0E-03 -- -- 1.2E-05 1.5E-02 9.6% 0.005 
7.0E-05 5.6E-07 -- -- 2.4E-09 3.4E-05 0.0% 0.0018 
2.6E-05 8.5E-06 -- -- 2.4E-06 9.2E-02 58.6% 0.12 NA 2.2E-07 1.6E-06 50% 5.0E-07 -- --

NA 5.5E-08 4.0E-07 13% 1.3E-07 -- --TotaiiLCR: 3.2E-06 100% Total HI: 0.16 100.0% 

1.6E-02 
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Scenario = Adult Resident 
Medium/Exposure Inhalation of Fugitive Dusts from Soils 

CDI (mg/kg/d)= (Ca*RR*ET*EF*ED)/(BW*AT) 
Ca = C*(1/PEF) 
ILCR = CDI*CSFo 
HQ = CDI/RIDo 

Parameter Units 
CDI mg/kg/d 
ILCR NA 
CSFi 1/(mg/kg/d) 
HQ NA 
RIDi mg/kg/d 
c mg/kg 

Ca mg/m3 
PEF m3/kg 
RR m3/hr 
ET hr/day 
EF days/year 
ED years 
BW kg 

AT-C days 
A T-N days 

Parameter 
7429905 Aluminum 
7440360 Antimony 
7440382 Arsenic 

18540299 Chromium (VI) 
7439896 Iron 
7439965 Manganese 
7440280 Thallium 
7440622 Vanadium 

50328 Benzo[a]pyrene 
53703 Diben& a, h]anthracene 

NOTES: 
- Not applicable. 

NA- Toxicity criterion not available. 
% Contribution for this pathway only 

Description 
Chronic daily intake 
Incremental lifetime cancer risk 
Inhalation cancer slope factor 
Hazard quotient· 
Inhalation reference dose 
Concentration of chemical in soil 
Concentration of chemical in air 
Particulate emission factor 
Respiration Rate 
Exposure Time 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

c Ca CSFi 
(mg/kg) mg/m3 1/(mg/kg/d 

2.689814 1.98E-09 NA 
17.38672 1.28E-08 NA 
63.51314 4.67E-08 1.51 E+01 
6136.224 4.51E-06 4.10E+01 
56.92654 4.19E-08 NA 
50.27643 3.70E-08 NA 
50.67433 3.73E-08 NA 
36.03521 2.65E-08 NA 
4.634809 3.41E-09 3.10E+00 
7.363461 5.41E-09 NA 

Murphy Leased Parcel (South) 

Value 
cs (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 
cs 

1.36E+09 
0.833 

7 
350 
30 
70 

25,550 
10,950 

Carcinogens Noncarcinogens 
RIDi CDI % Contrib. CDI % Contrib. 

(mg/kg/d) (mg/kg/d) ILCR TotaiiLCR (mg/kg/d) HQ HI 
1.00E-03 6.8E-11 -- -- 1.6E-10 1.6E-07 0% 

NA 4.4E-10 -- -- 1.0E-09 -- --
NA 1.6E-09 2.4E-08 0% 3.7E-09 -- --

3.00E-05 1.5E-07 6.3E-06 100% 3.6E-07 1.2E-02 98% 
NA 1.4E-09 -- -- 3.3E-09 -- --

1.43E-05 1.3E-09 -- -- 3.0E-09 2.1E-04 2% 
NA 1.3E-09 -- -- 3.0E-09 -- --
NA 9.1E-10 -- -- 2.1E-09 -- --
NA 1.2E-10 3.6E-10 0% 2.7E-10 -- --
NA 1.9E-10 -- -- 4.3E-10 -- --

TotaiiLCR: 6.4E-06 100% Total HI: 0.01 100% 

2.1E-04 

\\Svr-pitt\projects\2004 Projects\040-762 Wheeling Pitt Follansbee\2005\Human Health Risk Calculation Worksheets\Calcs with bioaccessibilityandnocr6\R-Murphy South Surface Soil Risk Calculations.xls 
Res-A-Inh 



Scenario = Child Resident Murphy Leased Parcel (South) Medium/Exposure Incidental Ingestion of Surface Soils 

CDI (mg/kg/d)= (C*IR*CF*FI*EF*ED)/(BW*AT) 
ILCR = CDI*CSFo 
HQ = CDI/RfDo 

Parameter Units Description Value 
CDI mg/kg/d Chronic daily intake cs (Chemical Specific) 
ILCR NA Incremental lifetime cancer risk cs 
CSFo 1/(mg/kg/d) Oral cancer slope factor cs 

HQ NA Hazard quotient cs 
RfDo mg/kg/d Oral reference dose cs c mg/kg Concentration of chemical in soil cs 
IR-S mg/day Ingestion rate of soil 200 
CF kg/mg Conversion factor 1.00E-06 
Fl NA Fraction of soil ingested from site 1 
EF days/year Exposure frequency 350 
ED years Exposure duration 6 
BW kg Body weight 15 

AT-C days Averaging time, carcinogens 25,550 
A T-N days Averaging time, noncarcinogens 2,190 

Carcinogens Noncarcinogens 
C CSFo RfDo CD\ % Contrib. CDI · % Contrib. Oral .1 Parameter (mg/kg) 1/(mg/kg/d) (mg/kg/d) (mg/llg/d) ILCR TotaiiLCR jrng/kglcl} HQ HI Bioaccessi 7429905 Aluminum 20300 NA 1.0E+00 2.2E-02 -- -- 2.6E-01 2.6E-01 1% 

7440360 Antimony 11.3 NA 4.0E-04 1.2E-05 -- -- 1.4E-04 3.6E-01 1% 1 

7440382 Arsenic 11.2 1.5E+00 3.0E-04 1.2E-05 1.8E-05 72% 1.4E-04 4.8E-01 1% 
18540299 Chromium (VI) 632 NA 3.0E-03 6.9E-04 -- -- 8.1E-03 2.69 6% 1 
7439896 Iron 170000 NA 3.0E-01 1.9E-01 -- -- 2.2E+00 7.25 16% 
7439965 Manganese 43900 NA 2.0E-02 4.8E-02 -- -- 5.6E-01 28.064 63% 1 
7440280 Thallium 23.9 NA 7.0E-05 2.6E-05 -- -- 3.1E-04 4.37 10% 1 
7440622 Vanadium 364 NA 1.0E-03 4.0E-04 -- -- 1.1E-03 1.14 3% 0.245 50328 Benzo[a]pyrene 0.71 7.3E+00 NA 7.8E-07 5.7E-06 22% 9.1 E-06 -- --

53703 Dibenz[a,h]anthracene 0.18 7.3E+00 NA 2.0E-Q7 1.4E-06 6% 2.3E-06 -- --
TotaiiLCR: 2.6E-05 100% Total HI: 44.6 100% NOTES: 

- Not applicable. 
2.8E+01 NA- Toxicity criterion not available. 

% Contribution for this pathway only 

ility 
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Scenario= Child Resident 
Medium/Exposure= Dermal Exposure to Surface Soils 

DAD (mgfkgfd)=(C*CF* AF* ABS*SA*EF*ED)f(BW* AT) 
ILCR = CDI*CSFd 
HQ = CDI/RIDd 

Parameter Units 
DAD mgfkgfd 
ILCR NA 
CSFd 1/(mgfkgfd) 
HQ NA 

RIDd mgfkgfd 
c mgfkg 

CF kgfmg 
AF mgfcm2 

ABS NA 
SA cm2fday 
EF days/year 
ED years 
BW kg 

AT-C days 
A T-N days 

Parameter 
7429905 Aluminum 
7440360 Antimony 
7440382 Arsenic 

18540299 Chromium (VI) 
7439896 Iron 
7439965 Manganese 
7440280 Thallium 
7440622 Vanadium 

50328 Benzo[a]pyrene 
53703 Dibenz(_a,h)anthracene 

NOTES: 
- Not applicable. 

NA - Toxicity criterion not available. 
% Contribution for this pathway only 
Antimony RfDo adjusted by 15% 
Chromium RID adjusted by 2.5% 
Managanse RID adjusted by 4% 
Vanadium RID adjusted by 2.6% 

Description 
Dermally absorbed dose 
Incremental lifetime cancer risk 
Dermal cancer slope factor 
Hazard quotient 
Dermal reference dose 
Concentration of chemical in soil 
Conversion factor 
Soil to skin adherence factor 
Absorption fraction 
Skin surface area available for contact 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

c CSFd 
_(m!lfkg) ABS 1/(mg/kgfd) 

20300 0.01 NA 
11.3 0.01 NA 
11.2 0.03 1.5E+00 
632 0.01 NA 

170000 0.01 NA 
43900 O.Q1 NA 
23.9 0.01 NA 
364 0.01 NA 
0.71 0.13 7.3E+00 
0.18 0.13 7.3E+00 

Murphy Leased Parcel (South) 

Value 
cs (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 

1.00E-06 
0.20 
cs 

2,800 
350 
6 
15 

25,550 
2,190 

Carcinogens Noncarcinogens 
RIDd DAD % Contrib. DAD % Contrib. Dermal 

(mg/kgfd) (mgfkg/d) ILCR TotaiiLCR (mgfkgfdl HQ HI Bioaccessibilily 
1.0E+00 6.2E-04 -- -- 7.3E-03 7.3E-03 0.7% 
6.0E-05 3.5E-07 -- -- 4.0E-06 6.7E-02 6.6% 
3.0E-04 1.0E-06 1.5E-06 37% 1.2E-05 4.0E-02 3.9% 
7.5E-05 1.9E-05 -- -- 7.0E-07 9.4E-03 0.9% 0.0031 
3.0E-01 5.2E-03 -- -- 6.1E-02 2.0E-01 19.8% 
8.0E-04 1.3E-03 -- -- 7.9E-05 9.8E-02 9.6% 0.005 
7.0E-05 7.3E-07 -- -- 1.5E-08 2.2E-04 0.0% 0.0018 
2.6E-05 1.1E-05 -- -- 1.6E-05 6.0E-01 58.6% 0.12 

NA 2.8E-07 2.1E-06 50% 3.3E-06 -- --
NA 7.2E-08 5.2E-07 13% 8.4E-07 -- --

L_Jot~I_ILCfl: 4.1E-06 100% To!al HI: 1.0 100.0% 

1.1 E-01 
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Scenario = Child Resident 
Medium/Exposure Inhalation of Fugitive Dusts from Soils 

CDI (mg/kg/d)= (Ca*RR*ET*EF*ED)/(BW*AT) 
Ca = C*(1/PEF) 
ILCR = CDI*CSFo 
HQ = CDI/RfDo 

Parameter Units 
CDI mg/kg/d 
ILCR NA 
CSFi 1/(mg/kg/d) 
HQ NA 
RfDi mg/kg/d 
c mg/kg 

Ca mg/m3 
PEF m3/kg 
RR m3/hr 
ET hr/day 
EF days/year 
ED years 
BW kg 

AT-C days 
A T-N days 

Parameter 
7429905 Aluminum 
7440360 Antimony 
7440382 Arsenic 

18540299 Chromium (VI) 
7439896 Iron 
7439965 Manganese 
7440280 Thallium 
7440622 Vanadium 

50328 Benzo[a]pyrene 
53703 Dibenz[a,h]anthracene 

NOTES: 
- Not applicable. 

NA -Toxicity criterion not available. 
% Contribution for this pathway only 

Description 
Chronic daily intake 
Incremental lifetime cancer risk 
Inhalation cancer slope factor 
Hazard quotient 
Inhalation reference dose 
Concentration of chemical in soil 
Concentration of chemical in air 
Particulate emission factor 
Respiration Rate 
Exposure Time 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

c Ca CSFi 
(mg/kg) mg/m3 1/(mg/kg/d 

2.689814 1.98E-09 NA 
17.38672 1.28E-08 NA 
63.51314 4.67E-08 1.51E+01 
6136.224 4.51E-06 4.10E+01 
56.92654 4.19E-08 NA 
50.27643 3.70E-08 NA 
50.67433 3.73E-08 NA 
36.03521 2.65E-08 NA 
4.634809 3.41E-09 3.10E+00 
7.363461 5.41E-09 NA 

__.,.,._" 

Murphy Leased Parcel (South) 

Value 
cs (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 
cs 

1.36E+09 
1 
7 

350 
6 

15 
25,550 
2,190 

Carcinogens Noncarcinogens 
RfDi CDI % Contrib. CDI % Contrib. 

(mg/kg/d) (mg/kg/d) ILCR TotaiiLCR (mg/kg/d) HQ HI 
1.00E-03 7.6E-11 -- -- 8.9E-10 8.9E-07 0% 

NA 4.9E-10 -- -- 5.7E-09 -- --
NA 1.8E-09 2.7E-08 0% 2.1E-08 -- --

3.00E-05 1.7E-07 7.1E-06 100% 2.0E-06 6.7E-02 98% 
NA 1.6E-09 -- -- 1.9E-08 -- -- I 

1.43E-05 1.4E-09 -- -- 1.7E-08 1.2E-03 2% 
NA 1.4E-09 -- -- 1.7E-08 -- --
NA 1.0E-09 -- -- 1.2E-08 -- --
NA 1.3E-10 4.1 E-10 0% 1.5E-09 -- --
NA 2.1E-10 -- -- 2.4E-09 -- --

TotaiiLCR: 7.1E-06 100% Total HI: 0.1 100% 

1.2E-03 
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MURPHY LEASED PARCEL (SOUTH) 
Subsurface Soil 

Adult Construction Worker LICR HI HI HI 
no target orgs CNS other effects 

Ingestion 9.0E-07 1.57 1.04 0.53 
Dermal Contact 1.5E-06 0.16 0.02 0.14 
Inhalation 3.9E-08 0.34 0.33 0.00 

2.45E-06 2.07 1.39 0.68 



Scenario= Adult Construction Worker 
Medium/Exposure Incidental Ingestion of Subsurface Soils 

CDI (mg/kg/d)= (C*IR*CF*FI*EF*ED)/(BW*AT) 
ILCR = CDI*CSFo 
HQ = CDI/RfDo 

Parameter Units 
COl mg/kg/d 

ILCR NA 
CSFo 1/(mg/kg/d) 
HQ NA 

RfDo mg/kg/d 
c mg/kg 

IRS mg/day 
CF kg/mg 
Fl NA 
EF days/year 
ED years 
BW kg 
ATC days 
ATN days 

Parameter 
7440382 Arsenic 

18540299 Chromium (VI) 
7439896 Iron 
7439921 Lead 
7439965 Manganese 
7440280 Thallium 
7440622 Vanadium 
205992 Benzo[blfluoranthene 

56553 Benzo[a]anthracene 
50328 Benzo[a]pyrene 
53703 Dibenz[a,h]anthracene 

193395 lndeno(1 ,2,3-cd)p}'l'ene 
71432 Benzene 

107062 1 ,2-Dichloroethane 
108883 Toluene 

1330207 Total Xylene 

NOTES: 
'--· Not applicable. 
NA Toxicity criterion not available. 

% Contribution for this pathway only 

Description 
Chronic daily intake 
Incremental lifetime cancer risk 
Oral cancer slope factor 
Hazard quotient 
Oral reference dose 
Concentration of chemical in soil 
Ingestion rate of soil 
Conversion factor 
Fraction of soil ingested from site 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

c CSFo 
(ma/kg) 1 /(ma/kg/d) 

19.6 1.5E+00 
635 NA 

121000 NA 
484 NA 

46000 NA 
29.8 NA 
306 NA 
7.9 7.3E-01 
9.3 7.3E-01 
9.8 7.3E+00 
2.9 7.3E+00 
6.2 7.3E-01 

0.007 5.5E-02 
0.007 9.1E-02 
0.007 NA 
0.014 NA 

Murphy Leased Parcel (South) 

Value 
cs (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 
64 

1.00E-06 
1 

180 
1 

70 
25,550 

365 

Carcinogens Noncarcinogens 
RfDo CDI o/o Contrib. COl o/o Contrib. Oral I 

_(ma/ka/dl (ma/ka/dl ILCR TotaiiLCR (m_g_lkg/d)_ HQ HI Bioaccessibility 
3.0E-04 1.3E-07 1.9E-07 21% 8.8E-06 2.95E-02 2% 
3.0E-03 4.1 E-06 -- -- 2.9E-04 9.54E-02 6% 1 
3.0E-01 7.8E-04 -- -- 5.5E-02 1.82E-01 12% 

NA 3.1E-06 -- -- 2.2E-04 -- --
2.0E-02 3.0E-04 -- -- 2.1 E-02 1.04E+00 66% 1 
7.0E-05 1.9E-07 -- -- 1.3E-05 1.92E-01 12% 1 
1.0E-03 2.0E-06 -- -- 3.4E-05 3.38E-02 2% 0.245 

NA 5.1E-08 3.7E-08 4% 3.6E-06 -- --
NA 6.0E-08 4.4E-08 5% 4.2E-06 -- --
NA 6.3E-08 4.6E-07 51% 4.4E-06 -- --
NA 1.9E-08 1.4E-07 15% 1.3E-06 -- --
NA 4.0E-08 2.9E-08 3% 2.8E-06 -- --

4.0E-03 4.5E-11 2.5E-12 0% 3.2E-09 7.89E-07 0% 
2.0E-D2 4.5E-11 4.1E-12 0% 3.2E-Q9 1.58E-D7 0% 
2.0E-01 4.5E-11 -- -- 3.2E-09 1.58E-08 0% 
2.0E-01 9.0E-11 -- -- 6.3E-09 3.16E-08 0% 

TotaiiLCR: 9.0E-07 100% Total HI: 1.6 100% 

1.04E+00 
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Scenario= Adult Construction Worker 
Medium/Exposure= Dermal Exposure to Subsurface Soils 

DAD (mg/kg/d)=(C•cf• AF• ABS.SA •Ef•ED)/(BW• AT) 
ILCR = CDI.CSFd 
HQ = CDI/RIDd 

Parameter Units 
DAD mg/kg/d 
ILCR NA 
CSFd 1/(mg/kg/d) 

HQ NA 
RIDd mg/kg/d 
c mg/kg 

CF kg/mg 
AF mg/cm2 

ABS NA 
SA cm2/day 
EF days/year 
ED years 
BW kg 

AT-C days 
A T-N days 

Parameter 
7440382 Arsenic 

18540299 Chromium (VI) 
7439896 Iron 
7439921 Lead 
7439965 Manganese 
7440280 Thallium 
7440622 Vanadium 

205992 Benzo[b[fluoranthene 
56553 Benzo[a]anthracene 
50328 Benzo[a[pyrene 
53703 Dibenz[a,h]anthracene 

193395 lndeno(1 ,2,3-cd)pyrene 
71432 Benzene 

107062 1 ,2-Dichloroethane 
108883 Toluene 

1330207 Total Xylene 

NOTES. 
• Not applicable. 

NA ·Toxicity criterion not available. 
% Contribution for this pathway only 

Chromium RID adjusted by 2.5% 
Managanse RID adjusted by 4% 
Vanadium RID adjusted by 2.6% 

Description 
Dermally absorbed dose 
Incremental lifetime cancer risk 
Dermal cancer slope factor 
Hazard quotient 
Dermal reference dose 
Concentration of chemical In soil 
Conversion factor 
Soil to skin adherence factor 
Absorption fraction 
Skin surface area available tor contact 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

c CSFd 
(mglkg) ABS 1/(mg/kg!d) 

19.6 0.03 1.5E+00 
635 0.01 NA 

121000 0.01 NA 
484 0.01 NA 

46000 0.01 NA 
29.8 0.01 NA 
306 0.01 NA 
7.9 0.13 7.3E-01 
9.3 0.13 7.3E-01 
9.8 0.13 7.3E+00 
2.9 0.13 7.3E+00 
6.2 0.13 7.3E-01 

0.007 0.03 5.5E-02 
0.007 0.03 9.1E-02 
0.007 0.03 NA 
0.014 0.03 NA 

Murphy Leased Parcel (South) 

Value 
cs (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 

1.00E-06 
0.30 
cs 

3,300 
180 
1 

70 
25,550 

365 

Carcino~ns Noncarcinogens 
RIDd DAD %Contrib. DAD %Contrib. Dermal 

(mg/kg!d) (mg/kg!d) ILCR TotaiiLCR (mo/kg/dl HQ HI Bioaccessibillty_ 
3.0E-04 5.9E-08 8.8E-08 6% 4.1E-06 1.4E-02 8.4% 
7.5E-05 6.3E-07 -- -- 1.4E-07 1.8E-03 1.1% 0.00311 
3.0E-01 1.2E-04 -- -- 8.4E-03 2.8E-02 17.3% 

NA 4.8E-07 -- -- 3.4E-05 -- --
S.OE-04 4.6E-05 -- -- 1.6E-05 2.0E-02 12.4% 0.005 
7.0E-05 3.0E-08 -- -- 3.7E-09 5.3E-05 0.0% 0.0018 
2.6E-05 3.0E-07 -- -- 2.6E-06 9.9E-02 60.7% 0.12 

NA 1.0E-07 7.5E-08 5% 7.2E-06 -- --
NA 1.2E-07 8.8E-08 6% 8.4E-06 -- --
NA 1.3E-07 9.3E-07 61% 8.9E-06 -- --
NA 3.8E-08 2.7E-07 18% 2.6E-06 -- --
NA 8.0E-08 5.9E-08 4% 5.6E-06 -- --

4.0E-03 2.1E-11 1.2E-12 Oo/o 1.5E-09 3.7E-07 0.0% 
2.0E-02 2.1E-11 1.9E-12 0% 1.5E-09 7.3E-08 0.0% 
2.0E·01 2.1E-11 -- -- 1.5E-09 7.3E-09 0.0% 
2.0E-01 4.2E·11 -- -- 2.9E-09 1.5E-08 0.0% 

TotaiiLCR: 1.5E-06 100% Total HI: 0.2 100.0% 

2.0E-02 
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Scenario= Adult Construction Worker I 
Medium/Exposure Inhalation of Fugitive Dusts & Volatiles from Soils 

CDI (mg/kg/d)= (Ca*RR*ET*EF*ED)/(BW*AT) 
Ca = C*(1/PEF) 
ILCR = CDI*CSFo 
HQ = CDIIRIDo 

Parameter Units 
COl mg/kg/d 
ILCR NA 
CSFi 1/(mg/kg/d) 
HQ NA 
RfDi mg/kg/d 
c mg/kg 

Ca mg/m3 
PEF m3/kg 
RR m3/hr 
ET hr/day 
EF days/year 
ED years 
BW kg 

AT-C days 
A T-N days 

Parameter 
74403821Arsenic 

185402991Chromium (VI) 
7439896llron 
7 4399211 Lead 
7 4399651 MaQg_anese 
7 4402801Thallium 
7 4406221 Vanadium 

2059921 Benzo[b]fluoranthene 
565531Benzo[li}_anthracene 
503281 Benzo[a]pyrene 
537031 Dibenz[aJl]anthracene 

193395llndeno( 1 ,2,3-cd)pyrene 
714321 Benzene 

1 0706211 ,2-Dichloroethane 
1 088831Toluene 

13302071Total Xylene 

NOTES: 
- Not applicable. 

NA- Toxicity criterion not available. 
% Contribution for this pathway only 

Description Value 
Chronic daily intake cs 
Incremental lifetime cancer risk cs 
Inhalation cancer slope factor cs 
Hazard quotient cs 
Inhalation reference dose cs 
Concentration of chemical in soil cs 
Concentration of chemical in air cs 
Particulate emission factor 1.36E+09 
Respiration Rate 2.5 
Exposure Time 8 
Exposure frequency 180 
Exposure duration 1 
Body weight 70 
Averaging time, carcinogens 25,550 
Averaging time, noncarcinogens 365 

Volatile 
c Ca I CSFi 

(mg/kg) _(mg/m~ I (m3/kg)-1 I (mg/m3) 11/(mg/kg/d 
19.6 1.44E-08 I -- I -- 11.51 E+01 
635 4.67E-071 -- I -- I4.10E+01 

121000 8.90E-05 I -- I -- I NA 
484 3.56E-07 I -- I -- I NA 

46000 3.38E-05 I -- I -- I NA 
29.8 2.19E-081 -- I -- I NA 
306 2.25E-07 I -- I -- I NA 
7.9 5.81 E-09 I -- I -- I NA 
9.3 6.84E-09 I -- I -- I NA 
9.8 7.21 E-09 I -- I -- 13.1 OE+OO 
2.9 2.13E-091 -- I -- I NA 
6.2 4.56E-09 I -- I -- I NA 

0.007 -- • 1.98E-05 I 1.38E-07I 2.70E-02 
0.007 -- • 1.26E-05 I 8.85E-08I 9.1 OE-02 
0.007 -- • 1.42E-05 I 9.92E-081 NA 
0.014 -- • 9.29E-06 I 1.30E-071 NA 

Murphy Leased Parcel (South) 

(Chemical Specific) 

Carcinogens Noncarcinogens 
RfDi COl % Contrib.l COl % Contrib. 

(mg{kg/d) (mg!kg/d) ILCR Total ILCRI (mglkg/d) HQ HI 
NA 2.9E-11 4.4E-10 1% I 2.0E-09 

3.00E-05 9.4E-10 3.9E-08 99% I 6.6E-08 2.2E-03 1% 
NA 1.8E-07 -- • 1.3E-05 
NA 7.2E-10 -- • 5.0E-08 

1.43E-05 6.8E-08 -- • 4.8E-06 3.3E-01 99% 
NA 4.4E-11 -- • 3.1E-09 
NA 4.5E-10 -- • 3.2E-08 
NA 1.2E-11 -- • 8.2E-10 
NA 1.4E-11 -- • 9.6E-10 
NA 1.5E-11 4.5E-11 0% I 1.0E-09 
NA 4.3E-12 -- • 3.0E-10 
NA 9.2E-12 -- • 6.4E-10 

8.60E-03 2.8E-10 7.5E-12 0% I 1.9E-08 2.3E-06 0% 
7.00E-01 1.8E-10 1.6E-11 0% I 1.2E-08 1.8E-08 0% 
1.14E-01 2.0E-10 -- • 1.4E-08 1.2E-07 0% 
3.00E-02 2.6E-10 -- • 1.8E-08 6.1E-07 0% 

TotaiiLCR: 3.9E-08 100%1 Total HI: 0.3 100% 

3.3E-01 
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Murphy Leased Parcel (North) 
Surface Soil ICR HI HI HI 
Adult Resident no target orgs CNS other effects 

Ingestion 8.5E-05 3.96 1.62 2.34 
Dermal Contact 4.0E-05 0.21 0.01 0.20 
Inhalation 7.7E-07 0.10 0.10 0.00 
Total 1.3E-04 4.27 1.73 2.54 

Child Resident 
Ingestion 1.6E-04 36.98 15.14 21.84 
Dermal Contact 5.2E-05 1.38 0.06 1.32 
Inhalation 4.3E-07 0.28 0.27 0.00 
Total 2.1E-04 38.63 15.47 23.17 

Adult Industrial Worker 
Ingestion 2.5E-05 1.41 0.58 0.84 
Dermal Contact 3.9E-05 0.25 0.01 0.24 
Inhalation 6.3E-07 0.10 0.09 0.00 
Total 6.5E-05 1.76 0.68 1.08 

Adult Construction Worker 
Ingestion 9.3E-07 1.30 0.53 0.77 
Dermal Contact 1.7E-06 0.27 0.01 0.26 
Inhalation 4.5E-08 0.17 0.17 0.00 
Total 2.67E-06 1.75 0.72 1.03 

-~ 

(. 
\ 



Scenario = Adult Industrial Worker 
Medium/Exposure Incidental Ingestion of Surface Soils 

CDI (mg/kg/d)= (C*IR*CF*FI*EF*ED)/(BW*AT) 
ILCR = CDI*CSFo 
HQ = CDIIRfDo 

Parameter 
CDI 
ILCR 
CSFo 
HQ 

RfDo 
c 

IR-S 
CF 
Fl 
EF 
ED 
BW 

AT-C 
A T-N 

NOTES: 
- Not applicable. 

NA- Toxicity criterion not available. 
% Contribution for this pathway only 

Units 
mg/kg/d 

NA 
1/(mg/kg/d) 

NA 
mg/kg/d 
mglkg 
mg/day 
kg/mg 

NA 
days/year 

years 
kg 

days 
days 

Description 
Chronic daily intake 
Incremental lifetime cancer risk 
Oral cancer slope factor 
Hazard quotient 
Oral reference dose 
Concentration of chemical in soil 
Ingestion rate of soil 
Conversion factor 
Fraction of soil ingested from site 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

Murphy Leased Parcel (North) 

Value 
cs (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 
50 

1.00E-06 
1 

250 
25 
70 

25,550 
9,125 

5.8E-01 
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Scenario= Adult Industrial Worker 
Medium/Exposure= Dermal Exposure to Surface Soils 

DAD (mg/kg/d)=(C*CF* AF* ABS*SA *EF*ED)/(BW* AT) 
ILCR = CDI*CSFd 
HQ = CDI/RIDd 

Pa~ 
DAD 
ILCR 
CSFd 
HQ 

RfDd 
c 

CF 
AF 

ABS 
SA 
EF 
ED 
BW 

AT-C 
A T-N 

NOTES: 
- Not applicable. 

NA- Toxicity criterion not available. 
% Contribution for this pathway only 
Antimony RfDo adjusted by 15% 
Chromium RID adjusted by 2.5% 
Managanse RID adjusted by 4% 
Vanadium RID adjusted by 2.6% 

Units 
mg/kg/d 

NA 
1/(mg/kg/d) 

NA 
mg/kg/d 
mg/kg 
kg/mg 

mg/cm2 
NA 

cm2/day 
days/year 

years 
kg 

days 
days 

Description 
Dermally absorbed dose 
Incremental lifetime cancer risk 
Dermal cancer slope factor 
Hazard quotient 
Dermal reference dose 
Concentration of chemical in soil 
Conversion factor 
Soil to skin adherence factor 
Absorption fraction 
Skin surface area available for contact 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarclnogens 

Murphy Leased Parcel (North) 

Value 
cs (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 

1.00E-06 
0.20 
cs 

3,300 
250 
25 
70 

25,550 
9,125 

1.0E-02 
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Scenario = Adult Industrial Worker Murphy Leased Parcel (North) 
Medium/Exposure Inhalation of Fugitive Dusts from Soils 

CDI (mg/kg/d)= (Ca*RR*ET*EF*ED)/(BW* AT) 
Ca = C*(1/PEF) 
ILCR = CDI*CSFo 
HQ = CDI/RfDo 

P a.@.!lli!!ID: 
COl 
ILCR 
CSFi 
HQ 
RfDi 
c 

Ca 
PEF 
RR 
ET 
EF 
ED 
BW 

AT-C 
A T-N 

Units 
mglkg/d 

NA 
1/(mg/kg/d) 

NA 
mglkg/d 
mglkg 
mg/m3 
m3/kg 
m3/hr 
hr/day 

days/year 
years 

kg 
days 
days 

Description Value 
Chronic daily intake cs (Chemical Specific) 
Incremental lifetime cancer risk cs 
Inhalation cancer slope factor cs 
Hazard quotient cs 
Inhalation reference dose cs 
Concentration of chemical in soil cs 
Concentration of chemical in air cs 
Particulate emission factor 1.36E+09 
Respiration Rate 1 
Exposure Time 8 
Exposure frequency 250 
Exposure duration 25 
Body weight 70 
Averaging time, carcinogens 25,550 
Averaging time, noncarcinogens 9,125 

Carcinogens I Noncarcinogens 
C I Ca I CSFi I RfDi I COl I I% Contrib.l COl I I% Contrib. 

HI 
1% 

74403821Arsenic I 12.2 I 8.97E-09 I1.51E+011 NA I 2.5E-10 I 3.8E-09 I 1% I 7.0E-10 • -- • --
185402991Chromium (VI) I 743 I 5.46E-0714.10E+01I 3.00E-05I 1.5E-08 I 6.3E-07 I 99% I 4.3E-08 I 1.4E-03 I 1% 
7439896 Iron --

98% 
74402801Thallium I 51.8 I 3.81E-081 NA I NA I 1.1E-09 I -- I -- I 3.0E-09 • -- • --
74406221Vanadium I 654 I 4.81 E-07 I NA I NA I 1.3E-08 I -- I -- I 3.8E-08 • -- • --
2059921Benzorblfluoranthene I 8.9 I 6.54E-09 I NA I NA I 1.8E-10 I -- I -- I 5.1E-10 • -- • --
565531Benzoralanthracene I 8.4 I 6.18E-09I NA I NA I 1.7E-10 I -- I -- I 4.8E-10 • -- • --
503281Benzoralel'!:ene I 11 I 8.09E-09 I3.10E+00 I NA I 2.3E-10 I 7.0E-10 I 0% I 6.3E-10 • -- • --

2070891Benzorklfluoranthene I 9.4 I 6.91E-09 I NA I NA I 1.9E-10 I -- I -- I 5.4E-10 • -- • --
537031Dibenz[a,h]anthracene I 3.2 I 2.35E-09 I NA I NA I 6.6E-11 I -- I -- I 1.8E-10 • -- • --

193395llndeno(1,2,3-cd)pyrene I 13 I 9.56E-09 I NA I NA I 2.7E-10 I -- I -- I 7.5E-10 • -- • --
TotaiiLCR: 6.3E·07 100%1 Total HI: 0.10 100% 

NOTES: 
- Not applicable. 9.5E-02 

NA- Toxicity criterion not available. 
% Contribution for this pathway only 

\\Svr-pitt\projects\2004 Projects\040-762 Wheeling Pitt Follansbee\2005\Human Health Risk Calculation Worksheets\Calcs with bioaccessibilityandnocr6\R-Murphy North Surface Soil Risk Calculations.xls 
lnd-lnh 



. 

-~ 

Scenario = Adult Construction Worker 
Medium/Exposure Incidental Ingestion of Surface Soils 

COl (mg/kg/d)= (C*IR*CF*FI*EF*ED)/(BW*AT) 
ILCR = CDI*CSFo 
HQ = CDI/RfDo 

Parameter Units 
CDI mg/kg/d 

ILCR NA 
CSFo 1/(mg/kg/d) 
HQ NA 

RIDo mg/kg/d 
c mg/kg 

IR-S mg/day 
CF kg/mg 
Fl NA 
EF days/year 
ED years 
BW kg 

AT-C days 
A T-N days 

Description 
Chronic daily intake 
Incremental lifetime cancer risk 
Oral cancer slope factor 
Hazard quotient 
Oral reference dose 
Concentration of chemical in soil 
Ingestion rate of soil 
Conversion factor 
Fraction of soil ingested from site 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

74403601Antimony I 11.85 I NA I 4.0E-04 
74403821Arsenic I 12.2 I 1.5E+00 I 3.0E-04 

18540299IChromiumJY!l_ I 743 I NA I 3.0E-03 
7439896llron I 147000 I NA I 3.0E-01 
7439965r~lilt9ao~s:li~'t:'t.~~~;fut~l.~l~li$1'0• 
74402801Thallium I 51.8 
74406221Vanadium 
2059921 Benzq{Q]II uoranthene 
565531 Benzo[a]anthracene 
50328 IBenzo[a]pyrene 

2070891 BenzoJJ<]IIuoranthene 
537031 Dibenz[a,h]anthracene 

193395llndeno(1 ,2,3-cd)pyrene 

NOTES: 
- Not applicable. 

NA- Toxicity criterion not available. 
% Contribution lor this pathway only 

654 
8.9 
8.4 
11 
9.4 
3.2 
13 

7.2E-01 

NA 7.0E-05 
NA 1.0E-03 

7.3E-01 NA 
7.3E-01 NA 
7.3E+00 NA 
7.3E-02 NA 
7.3E+00 NA 
7.3E-01 NA 

Value 
cs 
cs 
cs 
cs 
cs 
cs 
64 

1.00E-06 
1 

180 
1 

70 
25,550 

365 

Murphy Leased Parcel (North) 

(Chemical Specific) 

Carcinogens Noncarcinogens 

7.6E-08 I -- I -- I 5.3E-06 I 1.3E-02 I 1 o/o 
7.9E-08 I 1.2E-07 I 13% I 5.5E-06 I 1.8E-02 I 1% 
4.8E-06 
9.5E-04 

3.3E-07 -- --
4.2E-06 -- --
5.7E-08 4.2E-08 4% 
5.4E-OB 3.9E-08 4% 
7.1E-08 5.2E-07 55% 
6.1E-08 4.4E-09 0% 
2.1E-08 1.5E-07 16% 
8.4E-08 6.1E-08 7% 

TotaiiLCR: 9.3E-07 100% 

3.4E-04 I 1.1 E-01 9% 

2.3E-05 
7.2E-05 
4.0E-06 
3.8E-06 
5.0E-06 
4.2E-06 
1.4E-06 
5.9E-06 

Total HI: 

2.2E-01 

~~E 
3.3E-01 
7.2E-02 

17% 
&'{OJ~j~J 
26% 
6% 

1.3 100% 

5.3E-01 

0.245 
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Scenario= Adult Construction Worker 
Medium/Exposure= Dermal Exposure to Surface Soils 

DAD (mg/kg/d)=(C'CF' AF'ABS'SA 'EF'ED)/(BW' AT) 
ILCR = CDI'CSFd 
HQ = CDI/RfDd 

Pa~ Units 
DAD mg/kg/d 
ILCR NA 
CSFd 1/(mg/kg/d) 
HQ NA 

RfDd mg/kg/d 
c mg/kg 

CF kg/mg 
AF mg/cm2 

ABS NA 
SA cm2/day 
EF days/year 
ED years 
BW kg 

AT·C days 
AT·N days 

Parameter 
7429905 AltrrJJJoliOO-i?J.'i&~~(~i:\":?;1~~-}:,1~ 
7440360 Antimony 
7440382 Arsenic 

18540299 Chromium (VI) 
7439896 Iron 
7439965 rvlailllar:!"a:iie.;.~l0'"T:~1iil¥~b!litli:; 
7440280 Thallium 
7440622 Vanadium 
205992 Benzo[b]fluoranthene 
56553 Benzo[a]anthracene 
50328 Benzo[a]pyrene 

207089 Benzo[k]fluoranthene 
53703 Dibenz[a,h]anthracene 

193395 lndeno(1 ,2,3-cd)pyrene 

NOTES: 
• Not applicable. 

NA ·Toxicity criterion not available. 
%Contribution for this pathway only 
Antimony RfDo adjusted by 15% 
Chromium RID adjusted by 2.5% 
Managanse RID adjusted by 4% 
Vanadium RID adjusted by 2.6% 

Description 
Dermally absorbed dose 
Incremental lifetime cancer risk 
Dermal cancer slope factor 
Hazard quotient 
Dermal reference dose 
Concentration of chemical in soil 
Conversion factor 
Soil to skin adherence factor 
Absorption fraction 
Skin surface area available for contact 
Exposure frequency 
Exposure duration 

,Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

c CSFd 
(mgikg) ABS 1/(mg/kg/d) 

~:~oli\;! 1Rtl~li\1l,~N~~-Ae. 
11.85 0.01 NA 
12.2 0.03 1.5E+00 
743 0.01 NA 

147000 0.01 NA 
?:\M2'a!fQuo,il% f£,illiilb~~ lllfil-~M 

51.8 0.01 NA 
654 0.01 NA 
8.9 0.13 7.3E·01 
8.4 0.13 7.3E·01 
11 0.13 7.3E+00 
9.4 0.13 7.3E·02 
3.2 0.13 7.3E+00 
13 0.13 7.3E·01 

Murphy Leased Parcel (North) 

Value 
cs (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 

1.00E·06 
0.30 
cs 

3,300 
180 

1 
70 

25,550 
365 

Carcinogens Noncarcinogens 
RfDd DAD %Contrlb. DAD %Contrib. Dermal 

(mg/kg/d) (mg/kg/d) ILCR TotaiiLCR (mg/kg/d) HQ HI Bioaccesslbillty 
;" ~0£h~~*~J~{; W.\lf;B1!i-11'. (\~ ' -~.§~4')4{,, IWErAW~ 0!-~~ib 

4.0E·04 1.2E·08 .. .. 8.3E·07 2.1E·03 0.8% 
3.0E·04 3.6E·08 5.5E·08 3% 2.6E·06 8.5E·03 3.2% 
7.5E·05 7.4E·07 .. .. 1.6E·07 2.1E·03 0.8% 0.0031 
3.0E·01 1.5E·04 .. .. 1.0E·02 3.4E·02 12.7% 

ii;jfij~Jl}:9%:¥¥.0'tlt ~~•os!:li 1 •.. ,_,,,,., ,!~:JW.t?Mm ~~~aq !!ri1t0:C'tQ2& -.-eie:• 1110~~1~?%Q!QDil, 
7.0E·05 5.2E·08 .. .. 6.5E·09 9.3E·05 0.0% 0.0018 
2.6E·05 6.5E·07 .. .. 5.5E·06 2.1E·01 78.4% 0.12 

NA 1.2E·07 8.4E·08 5% 8.1E·06 .. .. 
NA 1.1E·07 7.9E·08 5% 7.6E·06 .. .. 
NA 1.4E·07 1.0E·06 61% 1.0E·05 .. .. 
NA 1.2E·07 8.9E·09 1% 8.5E·06 .. .. 
NA 4.1E·08 3.0E·07 18% 2.9E·06 .. .. 
NA 1.7E·07 1.2E·07 7% 1.2E·05 .. .. 

TotallLCR: 1.7E·06 100% Total HI: 0.3 100.0% 

1.1E·02 
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Scenario::: Adult Construction Worker 
Medium/Exposure Inhalation of Fugitive Dusts from Soils 

CDI (mg/kg/d)= (Ca*RR*ET*EF*ED)/(BW*AT) 
Ca = C*(1/PEF) 
ILCR = CDI*CSFo 
HQ = CDI/RfDo 

Parameter Units 
CDI mg/kg/d 
ILCR NA 
CSFi 1/(mglkg/d) 
HQ NA 
RfDi mglkg/d 
c mglkg 

Ca mg/m3 
PEF m31kg 
RR m3/hr 
ET hr/day 
EF days/year 
ED years 
BW kg 

AT-C days 
A T-N days 

Parameter 
7429905 •If. .. 
7440360 Antimony 
7440382 Arsenic 

18540299 Chromium (VI) 
7439896 Iron 
7439965 .TVI~fi": 
7440280 Thallium 
7440622 Vanadium 
205992 Benzo b]fluoranthene 

56553 Benzo a]anthracene 
50328 Benzo a]pyrene 

207089 Benzo k)fluoranthene 
53703 Diben z[a,h]anthracene 

193395 lndeno[1 ,2,3-cd)pyrene 

NOTES: 
- Not applicable. 

NA- Toxicity criterion not available. 
% Contribution for this pathway only 

Description 
Chronic daily intake 
Incremental lifetime cancer risk 
Inhalation cancer slope factor 
Hazard quotient 
Inhalation reference dose 
Concentration of chemical in soil 
Concentration of chemical in air 
Particulate emission factor 
Respiration Rate 
Exposure Time 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

c Ca CSFi 
(mglkg) mg/m3 1/(mg/kg/d 

l!ii'l?J\!(f!(\1~- i'f§fil]~{t5~ lit 
11.85 8.71 E-09 NA 
12.2 8.97E-09 1.51E+01 
743 5.46E-07 4.10E+01 

147000 1.08E-04 NA 
''1 ~-~'9;4il).~- ~1i%'tl2'E~~$~ Nliil~!~®'AWI 

51.8 3.81 E-08 NA 
654 4.81E-07 NA 
8.9 6.54E-09 NA 
8.4 6.18E-09 NA 
11 8.09E-09 3.10E+00 
9.4 6.91E-09 NA 
3.2 2.35E-09 NA 
13 9.56E-09 NA 

II 

Murphy Leased Parcel (North) 

Value 
cs (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 
cs 

1.36E+09 
2.5 
8 

180 
1 

70 
25,550 

365 

Carcinogens Noncarcinogens 
RfDi CDI % Contrib. CDI % Contrib. 

(mg/kg/d) (mglkg/d) ILCR TotaiiLCR (mg/kg/d) HQ HI 
t1k'Jli:):O:e:¥e:a* lali2:~~'E:;es!~~'"'! ~~i¥El~EII ll$1~':5aQ~!!; 1% 

NA 1.8E-11 -- -- 1.2E-09 -- --
NA 1.8E-11 2.7E-10 1% 1.3E-09 -- --

3.00E-05 1.1 E-09 4.5E-08 99% 7.7E-08 2.6E-03 1% 
NA 2.2E-07 -- -- 1.5E-05 -- --

,~?(!JSE'k'!D:Sli ll~~$:1;;-<l:$Wii a~~~!ettea ~l~Iw.t: ,. ; . 'Eflt$1 1&1P.WS·~ft 98% 
NA 7.7E-11 -- -- 5.4E-09 -- --
NA 9.7E-10 -- -- 6.8E-08 -- --
NA 1.3E-11 -- -- 9.2E-10 -- --
NA 1.2E-11 -- -- 8.7E-10 -- --
NA 1.6E-11 5.0E-11 0% 1.1 E-09 -- --
NA 1.4E-11 -- -- 9.7E-10 -- --
NA 4.7E-12 -- -- 3.3E-10 -- --
NA 1.9E-11 -- -- 1.3E-09 -- --

TotaiiLCR: 4.5E-08 _190~ _!c)tal !lli__ ______().£__ ___!QQ~ -- --

1.7E-01 
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Scenario = Adult Resident 
Medium/Exposure Incidental Ingestion of Surface Soils 

CDI (mg/kg/d)= (C*IR*CF*FI*EF*ED)/(BW*AT) 
ILCR = CDI*CSFo 
HQ = CDI/RIDo 

Parameter 
CDI 
ILCR 
CSFo 
HQ 

RIDe 
c 

IR-S 
CF 
Fl 
EF 
ED 
BW 

AT-C 
A T-N 

NOTES: 
- Not applicable. 

NA- Toxicity criterion not available. 
% Contribution for this pathway only 

Units 
mg/kg/d 

NA 
1/(mg/kg/d) 

NA 
mg/kg/d 
mg/kg 

mg/day 
kg/mg 

NA 
days/year 

years 
kg 

days 
days 

Descriotion 
Chronic daily intake 
Incremental lifetime cancer risk 
Oral cancer slope factor 
Hazard quotient 
Oral reference dose 
Concentration of chemical in soil 
Ingestion rate of soil 
Conversion factor 
Fraction of soil ingested from site 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

Murphy Leased Parcel (North) 

Value 
cs (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 
100 

1.00E-06 
1 

350 
30 
70 

25,550 
10,950 

1.6E+00 
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Scenario= Adult Resident 
Medium/Exposure= Dermal Exposure to Surface Soils 

DAD (mg/kg/d)=(C'CF' AF' ABS'SA 'EF'ED)/(BW' AT) 
ILCR = CDI'CSFd 
HQ = CDI/RfDd 

Parameter UnHs 
DAD mg/kg/d 
ILCR NA 
CSFd 1/(mglkg/d) 

HQ NA 
RfDd mg/kg/d 
c mg/kg 

CF kg/mg 
AF mg/cm2 

ABS NA 
SA cm2/day 
EF days/year 
ED years 
BW kg 

AT·C days 
A T-N days 

Parameter 
7429905 l~l9)rlli:iUID~~]f$~-'r~~t~~~t& 
7440360 Antimony 
7440382 Arsenic 

18540299 Chromium _(VI) 
7439896 Iron 
7439965 
7440280 Thallium 
7440622 Vanadium 

205992 Benzo[b]fluoranthene 
56553 Benzo[a]anthracene 
50328 Benzo[a]pyrene 

207089 Benzo[k]fluoranthene 
53703 Dibenz[a,h]anthracene 

193395 lndeno(1 ,2,3-cd)pyrene 

NOTES: 
-- - Not applicable. 
NA- Toxicity criterion not available. 

%Contribution for this pathway only 
Antimony RfDo adjusted by 15% 
Chromium RfD adjusted by 2.5% 
Managanse RID adjusted by 4% 
Vanadium RfD adjusted by 2.6% 

Description 
Dermally absorbed dose 
Incremental lifetime cancer risk 
Dermal cancer slope factor 
Hazard quotient 
Dermal reference dose 
Concentration of chemical In soli 
Conversion factor 
Soli to skin adherence factor 
Absorption fraction 
Skin surface area available for contact 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

c CSFd 
(mg!kg) ABS 1/(mg/kg/d) 

0:\fu1!40001'&i &'li.®P!& .if:N~~.;;,;w~ 
11.85 O.D1 NA 
12.2 0.03 1.5E+00 
743 0.01 NA 

147000 0.01 NA 
~"'~!~WQ.O'io)i! ::,••:v;~ 

51.8 0.01 NA 
654 0.01 NA 
8.9 0.13 7.3E-01 
8.4 0.13 7.3E-01 
11 0.13 7.3E+OO 
9.4 0.13 7.3E-02 
3.2 0.13 7.3E+00 
13 0.13 7.3E-01 

Murphy Leased Parcel (North) 

Value 
cs (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 

1.00E-06 
0.07 
cs 

5,700 
350 
30 
70 

25,550 
10,950 

Carcinogens I Noncarcinogens 
RfDd DAD %Contrlb. DAD %Contrib. Dermal 

(mg/kg/d) (mg/kg/d) ILCR TotaiiLCR (mg/kg/d) HQ HI Bloaccesslbility 
l76$0tl1f'~1~ :t<Z~~u· . R ' i!!i7JI46~dilll1. ~~~SSi%1 

4.0E-04 2.8E-07 -- -- 6.5E-07 1.6E-03 0.8% 
3.0E-04 8.6E-07 1.3E-06 3% 2.0E-06 6.7E-03 3.2% 
7.5E-05 1.7E-05 -- -- 1.3E-07 1.7E-03 0.8% 0.0031 
3.0E·01 3.4E-03 -- -- 8.0E-03 2.7E-02 12.7% 

1;:8~-0li~~~Sf.f •~s;!5s&4tra. tt;ftf8~6J IIB'Ji&tP'~ti· !-)):3;~ 0.005 
7.0E-05 1.2E-06 -- -- 5.1E-09 7.3E-05 0.0% 0.0018 
2.6E-05 1.5E-05 -- -- 4.3E-06 1.6E-01 78.4% 0.12 

NA 2.7E·06 2.0E·06 5% 6.3E-06 -- --
NA 2.6E·06 1.9E-06 5% 6.0E-06 -- --
NA 3.3E-06 2.4E-05 61% 7.8E-06 -- --
NA 2.9E-06 2.1E-07 1% 6.7E-06 -- --
NA 9.7E-07 7.1E-06 18% 2.3E-06 -- --
NA 4.0E·06 2.9E·06 7% 9.2E-06 -- --

TotaiiLCR: 4.0E-05 100% Total HI: 0.2 100.0% 

8.8E-03 
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Scenario= Adult Resident 
Medium/Exposure Inhalation of Fugitive Dusts from Soils 

CDI (mglkg/d)= (Ca*RR*ET*EF*ED)/(BW*AT) 
Ca = C*(1/PEF) 
ILCR = CDI*CSFo 
HQ = CDI/RfDo 

Parameter 
CDI 

ILCR 
CSFi 
HQ 
RfDi 
c 

Ca 
PEF 
RR 
ET 
EF 
ED 
BW 

AT-C 
A T-N 

NOTES: 
- Not applicable. 

NA- Toxicity criterion not available. 
%Contribution for this pathway only 

Units 
mg/kg/d 

NA 
1/(mg/kg/d) 

NA 
mg/kg/d 
mglkg 
mg/m3 
m3/kg 
m3/hr 
hr/day 

days/year 
years 

kg 
days 
days 

Description 
Chronic daily intake 
Incremental lifetime cancer risk 
Inhalation cancer slope factor 
Hazard quotient 
Inhalation reference dose 
Concentration of chemical in soil 
Concentration of chemical in air 
Particulate emission factor 
Respiration Rate 
Exposure Time 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

Murphy Leased Parcel (North) 

Value 
cs (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 
cs 

1.36E+09 
0.833 

7 
350 
30 
70 

25,550 
10,950 

9.7E-02 
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Scenario= Child Resident 
Medium/Exposure Incidental Ingestion of Surface Soils 

CDI (mg/kg/d)= (C*IR*CF*FI*EF*ED)/(BW*AT) 
ILCR = CDI*CSFo 
HQ = CDI/RfDo 

Parameter 
CDI 

ILCR 
CSFo 

HO 
RfDo 
c 

IR-S 
CF 
Fl 
EF 
ED 
BW 

AT-C 
A T-N 

NOTES: 
- Not applicable. 

NA- Toxicity criterion not available. 
% Contribution for this pathway only 

Units 
mg/kg/d 

NA 
1/(mg/kg/d) 

NA 
mg/kg/d 
mg/kg 

mg/day 
kg/mg 

NA 
days/year 

years 
kg 

days 
days 

Description 
Chronic daily intake 
Incremental lifetime cancer risk 
Oral cancer slope factor 
Hazard quotient 
Oral reference dose 
Concentration of chemical in soil 
Ingestion rate of soil 
Conversion factor 
Fraction of soil ingested from site 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

Murphy Leased Parcel (North) 

Value 
cs (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 
200 

1.00E-06 
1 

350 
6 

15 
25,550 
2,190 

15.14 
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Scenario= Child Resident Murphy Leased Parcel (North) 
Medium/Exposure= Dermal Exposure to Surface Soils 

DAD (mg/kg/d)=(C•cF•AF• ABS•SA •EF•ED)/(BW* AT) 
ILCR = CDI*CSFd 
HQ = CDI/RIDd 

Pa~ Units Description Vall!§. 
DAD mg/kg/d Dermally absorbed dose cs (Chemical Specific) 
ILCR NA Incremental lifetime cancer risk cs 
CSFd 1/(mg/kg/d) Dermal cancer slope factor cs 
HQ NA Hazard quotient cs 

RIDd mglkg/d Dermal reference dose cs 
c mg/kg Concentration of chemical in soil cs 

CF kg/mg Conversion factor 1.00E-06 
AF mg/cm2 Soli to skin adherence factor 0.20 

ASS NA Absorption fraction cs 
SA cm2/day Skin surface area available for contact 2,800 
EF days/year Exposure frequency 350 
ED years Exposure duration 6 
BW kg Body weight 15 

AT-C days Averaging time, carcinogens 25,550 
A T-N days Averaging time, noncarcinogens 2,190 

Carcln~g_ens I Noncarclnogens 

Parameter 

7440360IAntlmony I 11.85 I O.Q1 I NA I 4.0E-04 I 3.6E-07 I -- I -- I 4.2E-06 I U E-02 I 0.8% 
74403821Arsenlc I 12.2 I 0.03 I 1.5E+00 I 3.0E-04 I UE-06 I 1.7E-06 I 3% I 1.3E-05 I 4.4E-02 I 3.2% 

185402991Chromium (VI) I 743 I 0.01 I NA I 7.5E-05 I 2.3E-05 I -- I -- I 8.2E-07 I UE-02 I 0.8% I 0.0031 
7439896 Iron NA 12.7% 
7439965 ·~ 0.005 
74402801Thallium I 51.8 I 0.01 I NA I 7.0E-05 I 1.6E-06 I -- I -- I 3.3E-08 I 4.8E-04 I 0.0% I 0.0018 
74406221Vanadium I 654 I O.Q1 I NA I 2.6E-05 I 2.0E-05 I -- I -- I 2.8E-05 I UE+OO I 78.4% I 0.12 2.6E-05 2.0E-05 -- -- 2.8E-05 UE+OO 654 0.( 
2059921Benzo[b)fluoranthene H '-' I II "'I".C I I :-t~.ll"'l I 1'-ILI I :"" t"'.t- .. llh I "../ ht- .. 111"\ I 0"\"'/,. I Ll. lt-•11~ I •• I .... NA 3.6E-06 2.6E-06 5% 4.1E-05 --8.9 0.13 7.3E-01 
565531Benzo[a]anthracene I H .a. I II "'1"-c I I :-tl- .. 111 1'\.ILI. :-< .a.t- .. llt"i I -, Ll.t- .. ltt"'. I "'1"'1.. I :o< .... t- .. 11."'1 I •• I •• NA 3.4E-06 2.4E-06 5% 3.9E-05 --8.4 0.13 7.3E-01 

NA 4.4E-06 3.2E-05 61% 5.1E-05 --503281Benzo[a]pyrene I 11 II "'l:o( I I :oe.t-..LIIII 1'\J.I.l .a lJ..t-·111"\ I :"' 'lt- .. 11""\ 1 1"11"'/" 1 _.., "'11""'·11_"'1 1 .... •• 11 0.13 7.3E+00 
NA 3.7E-06 2.7E-07 1% 4.4E-05 --9.4 0.13 7.3E-02 2070891Benzo[k]fluoranthene I .... Ll II "'l:o( I I :-<t- .. 11._, I 1'\IU. I :'10 /t-•llt"'l I -, /t-•11/ I I"'/#• I U...U.I""•II"'' I .,., .... 

NA 1.3E-06 9.3E-06 18% 1.5E-05 --3.2 0.13 7.3E+00 53703ID1benz[a,h]anthracene • ., " '·· • ' "~~.... • '"u • ··~-"~ • ~ ·~-"~ • • K"'· • ' ~~-"~ • -- --
NA 5.2E-06 3.8E-06 7% 6.1E-05 --13 0.13 7.3E-01 193395llndenQ_(J,2,3-c~ene "'I:"" I lll"o( I /:oC.t- .. 111 I 1'\JLI "'1:/t-•llt"'. I :"<Ht- .. 111"'\ I /"'/,. I t'\11""'·11!"'1 I •• I •• 

TotaiiLCR: 5.2E-05 100% Total HI: 1.4 100.0% 

NOTES: 5.7E-02 
- Not applicable. 

NA- Toxicity criterion not available. 
% Contribution for this pathway only 
Antimony RfDo adjusted by 15% 
Chromium RID adjusted by 2.5% 
Managanse RID adjusted by 4% 
Vanadium RID adjusted by 2.6% 
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Scenario = Child Resident 
Medium/Exposure Inhalation of Fugitive Dusts from Soils 

CDI (mglkg/d)= (Ca*RR*ET*EF*ED)/(BW*AT) 
Ca = C*(1/PEF) 
ILCR = CDI*CSFo 
HQ = CDI/RfDo 

Parameter Units 
CDI 
ILCR 
CSFi 
HQ 
RfDi 
c 

Ca 
PEF 
RR 
ET 
EF 
ED 
BW 

AT-C 
A T-N 

NOTES: 

mg/kg/d 
NA 

1/(mg/kg/d) 

Parameter 

7440360 
7440382IArsenlc 

NA 
mglkg/d 
mglkg 
mg/m3 
m3/kg 
m3/hr 
hr/day 

days/year 
years 

kg 
days 
days 

18540299 Chromium (VI) 
Iron 

7440280 I Thallium 
74406221\/<>n<>rlh '"" 
20q9921 Benzo[b]fluoranmt:m~ 

565531 Benzo[a]anthracene 

5~_63J Diben~[CI,h]anth racene 
19339511 ndeno(1 ,2, ':l.,..rl\n\Jr<>n" 

• Not applicable. 
NA ·Toxicity criterion not available. 

% Contribution for this pathway only 

Description Value 
Chronic daily intake cs 
Incremental lifetime cancer risk cs 
Inhalation cancer slope factor cs 
Hazard quotient cs 
Inhalation reference dose cs 
Concentration of chemical in soil cs 
Concentration of chemical in air cs 
Particulate emission factor 1.36E+09 
Respiration Rate 0.5 
Exposure Time 7 
Exposure frequency 350 
Exposure duration 6 
Body weight 15 
Averaging time, carcinogens 25,550 
Averaging time, noncarcinogens 2,190 

C I Ca I CSFi I RfDi 
- (mglkgr-1- mg/m311/(mglkg/df{mg/kg/d) 

11~.71E~b9~ NA~- NA 
1i.28.97E-091.51E+01 NA 
743 3.00E-05 

147000 ~ 

"ST.8 
654 
8.9 
8.4 
11 
9.4 
3.2 
13 

3.81E::o81 NA 
4.81E-071 NA 

1:: o;,u:::.no I NA 
6.18E-09 I NA 
8.09E-09 3.10E+00 
6.91E-09 NA 
2.35E-09 I NA 
9.56E-09 I NA 

NA 
NA 
NA 
NA 
NA 

NA' 
NA 
NA 

Murphy Leased Parcel (North) 

(Chemical Specific) 

c 
CDI 

(mg/kg/d) 

1.7E-10 
1.7E-10 
-i~ 

2.1 E-06 

7.3E-10 
9.2E-09 
1.3E-10 
1.2E-10 
1.6E·10 
1.3E·10 
4.5E-11 
1.8E-10 

TotaiiLCR: 

I 
I% Conirib.l CDI·- I I% Contrib. 

- •. :11 
1% 

·· d ·· mE-09 1 -- 1 ·· 2.6E-o9 ___ 1% 2:CiE:-o9 .. •• 
4.3E-07 I 99% I 1.2E-07 4.1 E-03 1% .. .. 2.4E-05 •• •• 

la!S!I€1:9lli! &~::r;t:v.Om 98% I 
.. .. 8.5E-09 •• •• 
.. •• I 1.1 E-07 I ·· I ·· 
.. ·· I 1.5E-09 I ·· I ·· 
·· I ·· I 1.4E-09 I •· I ·· 

4.8E-10 I 0% I 1.8E-09 I •. I .• .. I 1 .5E-09 I .. I .. 
•• 5.3E-10 •• •• .. 

.. 

•• I •• I 2.1 E-09 I •• I •• 
__!._3_E·07 100%1 Total HI:_ 0.3 100% 

2.72E·01 
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MURPHY LEASED PARCEL (NORTH) 
Subsurface Soil 

Adult Construction Worker LICR HI HI HI 
no target orgs CNS other effects 

Ingestion 7.8E-08 0.01 0.00 0.01 
Dermal Contact 3.6E-08 0.01 0.00 0.01 
Inhalation 1.9E-10 0.00 0.00 0.00 

1.15E-07 0.02 0.00 0.02 



Scenario= Adult Construction Worker 
Medium/Exposure Incidental Ingestion of Subsurface Soils 

CDI (mglkg/d)= (C*IR*CF*FI*EF*ED)/(BW*AT) 
ILCR = CDI*CSFo 
HO = CDI/RfDo 

Parameter 
CDI 
ILCR 
CSFo 
HQ 

RfDo 
c 

IRS 
CF 
Fl 
EF 
ED 
BW 
ATC 
ATN 

NOTES: 
"--" Not applicable. 
NA Toxicity criterion not available. 

% Contribution for this pathway only 

Units 
mglkg/d 

NA 
1/(mg/kg/d) 

NA 
mg/kg/d 
mg/kg 

mg/day 
kg/mg 

NA 
days/year 

years 
kg 

day& 
days 

Description 
Chronic daily intake 
Incremental lifetime cancer risk 
Oral cancer slope factor 
Hazard quotient 
Oral reference dose 
Concentration of chemical in soil 
Ingestion rate of soil 
Conversion factor 
Fraction of soil ingested from site 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

2.81 E-07 

Murphy Leased Parcel (North) 

Value 
cs (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 
64 

1.00E-06 
1 

180 
1 

70 
25,550 

365 
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Scenario= Adult Construction Worker Murphy Leased Parcel (North) 
Medium/Exposure= Dermal Exposure to Subsurface Soils 

DAD (mg/kg/d)=(C*CF* AF* ABS*SA*EF*ED)/(BW* AT) 
ILCR = CDI*CSFd 
HQ = CDI/RfDd 

Description Value Parameter 
DAD 
ILCR 
CSFd 

Units 
mg/kg/d 

NA 
1/(mg/kg/d) 

NA 
mg/kg/d 
mg/kg 
kg/mg 

mg/cm2 
NA 

cm2/day 
days/year 

years 

Dermally absorbed dose 
Incremental lifetime cancer risk 
Dermal cancer slope factor 
Hazard quotient 

CS (Chemical Specific) 

HQ 
RfDd 
c 

CF 
AF 

ABS 
SA 
EF 
ED 
BW 

AT-C 
A T-N 

Parameter 
74403821Arsenic 

714321Benzene 

kg 
days 
days 

Dermal reference dose 
Concentration of chemical in soil 
Conversion factor 
Soil to skin adherence factor 
Absorption fraction 
Skin surface area available for contact 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

c 
(mg/kg) 

8.1 
0.0025 

ASS 
0.03 
0.01 

CSFd 
1/(mg/kg/d) 

1.5E+00 
5.5E-02 

cs 
cs 
cs 
cs 
cs 

1.00E-06 
0.30 
cs 

3,300 
180 
1 

70 
25,550 

365 

107062 1 ,2-Dichloroethane 2.0E-02 
1 o8883 u:¢1u~o$, '\''' ::f ... ~;. ··· ~~2:oe~i\k1t"4:&r:':r'''''"; 

Carcino ens 

ILCR 
3.6E-08 
1.4E-13 

13302071Ti!tatXYiime ··.·· '<'·.?~(;,•;·.; .. cF:,.o,oo~;\Mt:'',0\01· .· ·1 ···l'fA~i;)\·.· • ·:,~~lr/:' l•l2:'C!E~01 · •·• >·;y'jS:~''rsTe·~il 

NOTES: 
• Not applicable. 

NA- Toxicity criterion not available. 
% Contribution for this pathway only 

TotaiiLCR: 3.6E-OB 

Noncarcinogens 
% Contrlb., DAD I 1% Contrib. 
TotaiiLCR (mg/kg/d) HQ HI 

100% I 1.7E-06 I 5.6E-03 I 100.0% 
0% 1.7E-10 I 4.4E-08 

2.6E-09 

0.0% 

;~:,&p.{o%~2 
100.0% 
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Scenario= Adult Construction Worker 
Medium/Exposure Inhalation of Fugitive Dusts & Volatiles from Soils I 
CDI (mg/kg/d)= (Ca*RR*ET*EF*ED)/(BW*AT) 
Ca = C*(1/PEF) 
ILCR = CDI*CSFo 
HQ= CDI/RfDo 

Parameter 
CDI 

ILCR 
CSFi 
HQ 
RfDi 
c 
Ca 

PEF 
RR 
ET 
EF 
ED 
BW 

AT-C 
A T-N 

NOTES: 
- Not applicable. 

NA- Toxicity crilerion not available. 
% Conlribution for lhis pathway only 

Units 
mg/kg/d 

NA 
1/(mg/kg/d) 

NA 
mg/kg/d 
mg/kg 
mg/m3 
m3/kg 
m3/hr 
hr/day 

days/year 
years 

kg 
days 
days 

Description 
Chronic daily intake 
Incremental lifetime cancer risk 
Inhalation cancer slope factor 
Hazard quotient 
Inhalation reference dose 
Concentration of chemical in soil 
Concentration of chemical in air 
Particulate emission factor 
Respiration Rate 
Exposure Time 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

Murphy Leased Parcel (North) 

Value 
cs (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 
cs 

1.36E+09 
2.5 
8 

180 
1 

70 
25,550 

365 
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COG Drip Legs 
Surface Soil LICR HI HI HI 
Adult Resident CNS Other Effects 

Ingestion 7.81 E-05 2.83 1.43 1.40 
Dermal Contact 2.41 E-05 0.08 0.01 0.07 
Inhalation 3.69E-07 0.09 0.00 0.09 
Total 1.03E-04 2.99 1.44 1.56 

Child Resident 
Ingestion 1.46E-04 26.38 13.33 13.05 
Dermal Contact 3.15E-05 0.52 0.05 0.47 
Inhalation 2.06E-07 0.24 0.24 0.00 
Total 1.77E-04 27.14 13.62 13.52 

Adult Industrial Worker 
Ingestion 2.32E-05 1.01 0.51 0.50 
Dermal Contact 2.37E-05 0.09 0.00 0.09 
Inhalation 3.01E-07 0.08 0.08 0.00 
Total 4.72E-05 1.19 0.59 0.59 

Adult Construction Worker 
Ingestion 8.57E-07 0.93 0.47 0.46 
Dermal Contact 1.02E-06 0.10 0.01 0.09 
Inhalation 2.17E-08 0.15 0.15 0.00 
Total 1.90E-06 1.18 0.63 0.55 

(·.· 



Scenario:: Adult Industrial Worker 
Medium/Exposure Incidental Ingestion of Surface Soils 

COl (mg/kg/d)= (C'IR'CF'FI'EF'ED)/(BW'AT) 
ILCR = CDI'CSFo 
HQ = CDI/RfDo 

Parameter Units 
COl mg!kg/d 
ILCR NA 
CSFo 1/(mg/kg/d) 
HQ NA 

RfDo mg/kg/d 
c mg/kg 

IR-S mg/day 
CF kg/mg 
Fl NA 
EF days/year 
ED years 
BW kg 

AT-C days 
A T-N days 

Parameter 
7429905 Aluminum 
7440360 Antimony 
7440382 Arsenic 
7440439 Cadmium 

18540299 Chromium (VI) 
7439896 Iron 
7439921 Lead 
7439965 Manganese 
7439987 Molybdenum 
7440280 Thallium 
7440622 Vanadium 
205992 Benzo[b]fluoranlhene 

56553 Benzo[a]anthracene 
50328 Benzo[a]pyrene 
53703 Dibenz[a,h]anthracene 

193395 lndeno(1 ,2,3-cd)pyrene 

Notes: 
- Not applicable. 

NA - Toxicity criterion not available. 
% Contribution for this pathway only 

Description 
Chronic daily intake 
Incremental lifetime cancer risk 
Oral cancer slope factor 
Hazard quolient 
Oral reference dose 
Concentration of chemical in soil 
Ingestion rate of soil 
Conversion factor 
Fraction of soil ingested from site 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

c CSFo 
(mg/kg) 1L(mg/kg/d) 

1.67E+04 NA 
2.73E+01 NA 
3.67E+01 1.5E+00 
6.30E+00 NA 
3.42E+02 NA 
1.34E+05 NA 
2.00E+02 NA 
2.05E+04 NA 
5.19E+01 NA 
1.52E+01 NA 
1.22E+02 NA 
9.20E+00 7.3E-01 
8.34E+00 7.3E-01 
7.33E+00 7.3E+00 
1.10E+00 7.3E+00 
4.98E+00 7.3E-01 

Value COG Drip Leg Area cs (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 
50 

1.00E-06 
1 

250 
25 
70 

25,550 
9,125 

Carcinogens Noncarcinogens 
RfDo COl % Contrib. COl %Contrib. Oral 

(mg/kg/<j) (mg!kg!d) ILCR TotaiiLCR (mg!kg/d) HQ HI Bioaccessibility 
1.0E+00 2.9E-03 -- -- 8.2E-03 8.2E-03 1% 
4.0E-04 4.8E-06 -- -- 1.3E-05 3.3E-02 3% 
3.0E-04 6.4E-06 9.6E-06 41% 1.8E-05 6.0E-02 6% 
5.0E-04 1.1E-06 -- -- 3.1E-06 O.D1 1% 1 3.0E-03 6.0E-05 -- -- 1.7E-04 0.06 6% 1 3.0E-01 2.3E-02 -- -- 6.6E-02 0.218 22% 

NA 3.5E-05 -- -- 9.8E-05 -- --
2.0E-02 3.6E-03 -- -- 1.0E-02 0.50 50% 1 5.0E-03 9.1E-06 -- -- 2.5E-05 0.01 1% 
7.0E-05 2.7E-06 -- -- 7.4E-06 0.11 11% 1 1.0E-03 2.1E-05 -- -- 1.5E-05 O.Q1 1% 0.245 NA 1.6E-06 1.2E-06 5% 4.5E-06 -- --

NA 1.5E-06 1.1E-06 5% 4.1E-06 -- --
NA 1.3E-06 9.3E-06 40% 3.6E-06 -- --
NA 1.9E-07 1.4E-06 6% 5.4E-07 -- --
NA 8.7E-07 6.3E-07 3% 2.4E-06 -- --

TotaiiLCR: 2.3E-05 100% Total HI: 1.0 100% 

0.51 
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Scenario= Adult Industrial Worker 
Medium/Exposure= Dermal Exposure to Surface Soils 

DAD (mg/kg/d)=(C*CF*AF*ABS*SA*EF*ED)/(BW*AT) 
ILCR = CDI*CSFd 
HO = CDI/RfDd 

Parameter Units 
DAD mg/kg/d 
ILCR NA 
CSFd 1/(mg/kg/d) 
HO NA 

RfDd mg/kg/d 
c mg/kg 

CF kgtmg 
AF mg/cm2 

ABS NA 
SA cm2/day 
EF days/year 
ED years 
BW kg 

AT·C days 
A T-N days 

Parameter 
7429905 Aluminum 
7440360 Antimony 
7440382 Arsenic 
7440439 Cadmium 

18540299 Chromium (VI) 
7439896 Iron 
7439921 Lead 
7439965 Manganese 
7439987 Molybdenum 
7440280 Thallium 
7440622 Vanadium 

205992 Benzo b)fluoranthene 
56553 Benzo a]anthracene 
50328 Benzo a)Jlyrene 
53703 Dibenz a,h]anthracene 

193395 lndeno 1,2,3-cd)pyrene 

NOTES: 
- Not applicable. 

NA ·Toxicity cr~erion not available. 
% Contribution for this pathway only 
Antimony RIDe adjusted by 15% 
Chromium RfDo adjusted by 2.5% 
Managanse R!Do adjusted by 4% 
Cadmium R!Do adjusted by 5% 

Description 
Dermally absorbed dose 
Incremental lifetime cancer risk 
Dermal cancer slope factor 
Hazard quotient 
Dermal reference dose 
Concentration of chemical in soil 
Conversion factor 
Soil to skin adherence factor 
Absorption fraction 
Skin surface area available for contact 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

c CSFd 
(mg/kg) ABS 1/(mg/kg/d) 

1.67E+04 0.01 NA 
2.73E+01 0.01 NA 
3.67E+01 0.03 1.5E+00 
6.30E+00 0.001 NA 
3.42E+02 0.01 NA 
1.34E+05 0.01 NA 
2.00E+02 0.01 NA 
2.05E+04 0.01 NA 
5.19E+01 0.01 NA 
1.52E+01 0.01 NA 
1.22E+02 0.01 NA 
9.20E+00 0.13 7.3E·01 
8.34E+00 0.13 7.3E·01 
7.33E+OO 0.13 7.3E+00 
1.10E+00 0.13 7.3E+00 
4.98E+00 0.13 7.3E·01 

COG Drip Leg Area 

Value 
cs (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 

1.00E-06 
0.20 
cs 

3,300 
250 
25 
70 

25,550 
9,125 

Carcinogens Noncarcinogens 
R!Dd DAD %Contrib. DAD %Contrib. Dermal ] (mg/kg/d) (mg/kg/d) ILCR TotaiiLCR (mg/kg/d) HQ HI Bioaccessibilily 

1.0E+00 3.8E·04 .. .. 1.1E·03 1.1E·03 1.1% 
6.0E·05 6.3E-07 -- .. 1.8E·06 2.9E·02 31.3% I 3.0E·04 2.5E-06 3.8E·06 16% 7.1E·06 2.4E·02 25.3% 
2.5E·06 1.5E·08 .. .. 1.3E·11 5.4E-06 0.0% 0.00033 
7.5E·05 7.9E-06 .. -· 6.8E·08 9.1E-04 1.0% 0.0031 
3.0E·01 3.1E-03 -- .. 8.6E·03 2.9E-02 30.7% 

NA 4.6E-06 .. .. 1.3E·05 .. .. 
8.0E·04 4.7E-04 .. -- 6.6E·06 8.3E-03 8.8% 0.005 
5.0E·03 1.2E-06 -- .. 3.4E·06 6.7E-04 0.7% 
7.0E-05 3.5E-07 .. .. 1.8E·09 2.5E-05 0.0% 0.0018 
1.0E·03 2.8E-06 -· .. 9.4E·07 9.4E-04 1.0% 0.12 

NA 2.8E-06 2.0E·06 9% 7.7E·06 .. .. 
NA 2.5E-06 1.8E·06 8% 7.0E·06 .. .. 
NA 2.2E-06 1.6E·05 68% 6.2E·06 .. .. 
NA 3.3E-07 2.4E·06 10% 9.2E·07 .. .. 
NA 1.5E·06 1.1E·06 5% 4.2E·06 .. .. 

TotaiiLCR: 2.4E·05 100% Total HI: 0.1 100.0% 

1.08E·03 
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Scenario= Adult Industrial Worker 
Medium/Exposure Inhalation of Fugitive Dusts from Soils 

CDI (mg/kg/d)= (Ca*RR*ET*EF*ED)/(BW*AT) 
Ca = C*(1/PEF) 
ILCR = CDI*CSFo 
HQ = CDI/RfDo 

Parameter Units 
CDI mg/kg/d 
ILCR NA 
CSFi 1/(mg/kg/d) 
HQ NA 
RfDi mg/kg/d 
c mglkg 

Ca mg/m3 
PEF m3/kg 
RR m3/hr 
ET hr/day 
EF days/year 
ED years 
BW kg 

AT-C days 
A T-N days 

Parameter 
7429905 Aluminum 
7440360 Antimony 
7440382 Arsenic 
7440439 Cadmium 

18540299 Chromium (VI) 
7439896 Iron 
7439921 Lead 
7439965 Manganese 
7439987 Molybdenum 
7440280 Thallium 
7440622 Vanadium 

205992 Benzo blfluoranthene 
56553 Benzo a]anthracene 
50328 Benzo a]pyrene 
53703 Dibenz a,h]anthracene 

193395 In de no 1,2,3-cd)pyrene 

NOTES: 
- Not applicable. 

NA- Toxicity criterion not available. 
% Contribution for this pathway only 

Description 
Chronic daily intake 
Incremental lifetime cancer risk 
Inhalation cancer slope factor 
Hazard quotient 
Inhalation reference dose 
Concentration of chemical in soil 
Concentration of chemical in air 
Particulate emission factor 
Respiration Rate 
Exposure Time 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

c Ca CSFi 
(mg/kg) mg/m3 1/(mg!kg/d 

1.67E+04 1.23E-D5 NA 
2.73E+01 2.01E-08 NA 
3.67E+01 2.70E-08 1.51E+01 
6.30E+00 4.63E-09 6.30E+00 
3.42E+02 2.52E-07 4.10E+01 
1.34E+05 9.85E-05 NA 
2.00E+02 1.47E-07 NA 
2.05E+04 1.51E-05 NA 
5.19E+01 3.82E-08 NA 
1.52E+01 1.12E-08 NA 
1.22E+02 8.95E-08 NA 
9.20E+00 6.77E-09 NA 
8.34E+00 6.13E:o9 NA 
7.33E+00 5.39E-09 3.10E+00 
1.10E+00 8.08E-10 NA 
4.98E+00 3.66E-09 NA 

COG Drip Leg Area 

Value 
cs (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 
cs 

1.36E+09 
1 
8 

250 
25 
70 

25,550 
9,125 

Carcinogens Noncarcinogens I 
RfDi CDI % Contrib. CDI % Contrib. 

(mg/kg/d) (mg/kg/d) ILCR TotaiiLCR (mg/kg!d) HQ HI 
1.00E-03 3.4E-07 -- -- 9.6E-07 9.6E-04 1% 

NA 5.6E-10 -- -- 1.6E-09 -- --
NA 7.5E-10 1.1E-08 4% 2.1E-09 -- --

5.70E-05 1.3E-10 8.2E·10 0% 3.6E-10 6.4E-06 0% 
3.00E-05 7.0E-09 2.9E·07 96% 2.0E-08 6.6E-04 1% 

NA 2.8E-06 -- -- 7.7E-06 -- --
NA 4.1E-09 -- -- 1.2E-08 -- --

1.43E-05 4.2E-07 -- -- 1.2E-06 8.3E-02 98% 
NA 1.1E-09 -- -- 3.0E-09 -- --
NA 3.1E-10 -- -- 8.7E-10 -- --
NA 2.5E-09 -- -- 7.0E-09 -- --
NA 1.9E-10 -- -- 5.3E-10 -- --
NA 1.7E-10 -- -- 4.8E-10 -- --
NA 1.5E-10 4.7E-10 0% 4.2E-10 -- --
NA 2.3E-11 -- -- 6.3E-11 -- --
NA 1.0E-10 -- -- 2.9E-10 -- --

TotaiiLCR: 3.0E-D7 100% Total HI: 0.1 100% 

8.4E-D2 
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Scenario = Adult Construction Worker 
Medium/Exposure Incidental Ingestion of Surface Soils 

CDI (mg/kg/d)= (C*IR*CF*FI*EF*ED)/(BW*AT) 
ILCR = CDI*CSFo 
HQ = CDI/RfDo 

Parameter Units 
CDI mg/kg/d 

ILCR NA 
CSFo 1/(mg/kg/d) 
HQ NA 

RIDe mg/kg/d 
c mg/kg 

IR-S mg/day 
CF kg/mg 
Fl NA 
EF days/year 
ED years 
BW kg 

AT-C days 
A T-N days 

Parameter 
7429905 Aluminum 
7440360 Antimony 
7440382 Arsenic 
7440439 Cadmium 

18540299 Chromium (VI) 
7439896 Iron 
7439921 Lead 
7439965 Manganese 
7439987 Molybdenum 
7440280 Thallium 
7440622 Vanadium 

205992 Benzo b]fluoranthene 
56553 Benzo a]anthracene 
50328 Benzo a]pyrene 
53703 Dibenz a,h]anthracene 

193395 lndeno 1 ,2,3-cd)pyrene 

Notes: 
Not applicable. 

NA - Toxicity criterion not available. 
% Contribution for this pathway only 

Description 
Chronic daily intake 
Incremental lifetime cancer risk 
Oral cancer slope factor 
Hazard quotient 
Oral reference dose 
Concentration of chemical in soil 
Ingestion rate of soil 
Conversion factor 
Fraction of soil ingested from site 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

c CSFo 
(mg/kg) 1/(mg/kg/d) 

1.67E+04 NA 
2.73E+01 NA 
3.67E+01 1.5E+00 
6.30E+00 NA 
3.42E+02 NA 
1.34E+05 NA 
2.00E+02 NA 
2.05E+04 NA 
5.19E+01 NA 
1.52E+01 NA 
1.22E+02 NA 
9.20E+00 7.3E-01 
8.34E+00 7.3E-01 
7.33E+00 7.3E+00 
1.10E+00 7.3E+00 
4.98E+00 7.3E-01 

0.630425461065789 

Value 
CS (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 
64 

1.00E-06 
1 

180 

70 
25,550 

365 

RfDo 
(mg/kg/d) 

1.0E+00 
4.0E-04 
3.0E-04 
5.0E-04 
3.0E-03 
3.0E-01 

NA 
2.0E-02 
5.0E-03 
7.0E-05 
1.0E-03 

NA 
NA 
NA 
NA 
NA 

Carcinogens 
CDI 

(mg/kg/d) ILCR 
1.1E-04 --
1.8E-07 --
2.4E-07 3.5E-07 
4.1E-08 --
2.2E-06 --
8.6E-04 --
1.3E-06 --
1.3E-04 --
3.3E-07 --
9.8E-08 --
7.8E-07 --
5.9E-08 4.3E-08 
5.4E-08 3.9E-08 
4.7E-08 3.4E-07 
7.1E-09 5.2E-08 
3.2E-08 2.3E-08 

l'otalllCR: 8.6E-07 

%Contrib. 
TotaiiLCR 

--
--

41% 
--
--
--
--
--
--
--
--

5% 
5% 

40% 
6% 
3% 

100% 

COG Drip Leg Area 

Noncarcinogens 
CDI %Contrib. Oral 

(mg/kg/d) HQ HI Bioaccessibility 
7.5E-03 7.5E-03 1% 
1.2E-05 3.1E-02 3% 
1.7E-05 5.5E-02 6% 
2.8E-06 0.01 1% 1 
1.5E-04 0.05 6% 1 
6.0E-02 0.201 22% 
9.0E-05 -- --
9.2E-03 0.46 50% 1 
2.3E-05 0.00 1% 
6.9E-06 0.10 11% 1 
1.3E-05 0.01 1% 0.245 
4.1E-06 -- --
3.8E-06 -- --
3.3E-06 -- --
S.OE-07 -- --
2.2E-06 -- --
Total HI: 0.9 100% 

0.470 
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Scenario= Adult Construction Worker 
Medium/Exposure= Dermal Exposure to Surface Soils 

DAD (mg/kg/d)=(C·cF· AF• ABS.SA •EF"ED)/(BW• AT) 
ILCR = CDI.CSFd 
HO =CDI/RfDd 

Parameter Units 
DAD mg/kg/d 
ILCR NA 
CSFd 1/(mg/kg/d) 

HQ NA 
RfDd mg/kg/d 

c mg!kg 
CF kg/mg 
AF mglcm2 

ABS NA 
SA cm2/day 
EF days/year 
ED years 
BW kg 

AT-C days 
A T-N days 

Parameter 
7429905 Aluminum 
7440360 Antimony 
7440382 Arsenic 
7440439 Cadmium 

18540299 Chromium (VI) 
7439896 Iron 
7439921 Lead 
7439965 Manganese 
7439987 Molybdenum 
7440280 Thallium 
7440622 Vanadium 

205992 Benzo[b]fluoranthene 
56553 Benzoia]_anthracene 
50328 Benzo[a]pyrene 
53703 Dibenz[a,h]anthracene 

193395 lndeno(1 ,2,3-cd)pyrene 

NOTES: 
· Not applicable. 

NA ·Toxicity crijerion not available. 
% Contribution for this pathway only 
Antimony RfDo adjusted by 15% 
Chromium RfDo adjusted by 2.5% 
Managanse RfDo adjusted by 4% 
Cadmium RfDo adjusted by 5% 

Description 
Dermally absorbed dose 
Incremental lifetime cancer risk 
Dermal cancer slope factor 
Hazard quotient 
Dermal reference dose 
Concentration of chemical in soil 
Conversion factor 
Soil to skin adherence factor 
Absorption fraction 
Skin surface area available for contact 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

c CSFd 
(mg!kg) ABS 1/(mg/kg/d) 

1.67E+04 0.01 NA 
2.73E+01 0.01 NA 
3.67E+01 0.03 1.5E+00 
6.30E+00 0.001 NA 
3.42E+02 0.01 NA 
1.34E+05 0.01 NA 
2.00E+02 0.01 NA 
2.05E+04 0.01 NA 
5.19E+01 0.01 NA 
1.52E+01 0.01 NA 
1.22E+02 0.01 NA 
9.20E+00 0.13 7.3E-01 
8.34E+00 0.13 7.3E·01 
7.33E+00 0.13 7.3E+00 
1.10E+00 0.13 7.3E+00 
4.98E+00 0.13 7.3E·01 

COG Drip Leg Area 

Value 
cs (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 

1.00E-06 
0.30 
cs 

3,300 
180 

1 
70 

25,550 
365 

Carcinogens Non carcinogens 
RfDd DAD %Contrib. DAD %Contrib. Dermal 

(mg/kg/d) (mglkg/d) ILCR TotaiiLCR , (mg/kg/d) HQ HI Bioaccessibility 
1.0E+00 1.7E-05 -- -- 1.2E-03 1.2E-03 1.1% 
6.0E-05 2.7E-08 -- -- 1.9E-06 3.2E-02 31.3% 
3.0E-04 1.1E-07 1.6E·07 16% 7.7E·06 2.6E·02 25.3% 
2.5E·06 6.3E-10 -- -- 1.5E·11 5.8E-06 0.0% 0.00033 
7.5E·05 3.4E·07 -- -- 7.4E-08 9.9E-04 1.0% 0.0031 
3.0E·01 1.3E-04 -- .. 9.3E·03 3.1E-02 30.7% 

NA 2.0E·07 .. ·- 1.4E·05 .. -· 
8.0E·04 2.0E·05 -- -- 7.2E-06 8.9E·03 8.8% 0.005 
5.0E·03 5.2E-08 -- -- 3.6E-06 7.2E-04 0.7% 
7.0E-05 1.5E·08 .. -- 1.9E-09 2.7E-05 0.0% 0.0018 
1.0E·03 1.2E-07 .. -- 1.0E-06 1.0E·03 1.0% 0.12 

NA 1.2E-07 8.7E-08 9% 8.3E·06 -- -· 
NA 1.1E-07 7.9E-08 8% 7.6E-06 -- --
NA 9.5E-08 6.9E-07 68% 6.6E-06 -- -· 
NA 1.4E-08 1.0E-07 10% 1.0E-06 .. ·-
NA 6.4E-08 4.7E-08 5% 4.5E-06 -- --

TotaiiLCR: 1.0E-06 100% Total HI: 0.1 100.0% 

1.0E·02 
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Scenario= Adult Construction Worker 
Medium/Exposure Inhalation of Fugitive Dusts from Soils 

CDI (mg/kg/d)= (Ca*RR*ET*EF*ED)/(BW*AT) 
Ca = C*(1/PEF) 
ILCR = CDI*CSFo 
HQ = CDI/RfDo 

Parameter Units 
CDI mg/kg/d 
ILCR NA 
CSFi 1/(mg/kg/d) 
HQ NA 
RfDi mglkg/d 
c mg/kg 

Ca mg/m3 
PEF m3/kg 
RR m3/hr 
ET hr/day 
EF days/year 
ED years 
BW kg 

AT-C days 
A T-N days 

Parameter 
7429905 Aluminum 
7440360 Antimony 
7440382 Arsenic 
7440439 Cadmium 

18540299 Chromium (VI) 
7439896 Iron 
7439921 Lead 
7439965 Manganese 
7439987 Molybdenum 
7440280 Thallium 
7440622 Vanadium 

205992 Benzo[blfluoranthene 
56553 Benzo[a]anthracene 
50328 Benzo[a]pyrene 
53703 Dibenz[a,h]anthracene 

193395 lndeno(1 ,2,3-cd)pyrene 

NOTES: 
- Not applicable. 

NA- Toxicity criterion not available. 
% Contribution for this pathway only 

Description 
Chronic daily intake 
Incremental lifetime cancer risk 
Inhalation cancer slope factor 
Hazard quotient 
Inhalation reference dose 
Concentration of chemical in soil 
Concentration of chemical in air 
Particulate emission factor 
Respiration Rate 
Exposure Time 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

c Ca CSFi 
(mg/kg) mg/m3 1/(mg/kg/d 

1.67E+04 1.23E-05 NA 
2.73E+01 2.01E-08 NA 
3.67E+01 2.70E-08 1.51 E+01 
6.30E+00 4.63E-09 6.30E+00 
3.42E+02 2.52E-07 4.10E+01 
1.34E+05 9.85E-05 NA 
2.00E+02 1.47E-07 NA 
2.05E+04 1.51E-05 NA 
5.19E+01 3.82E-08 NA 
1.52E+01 1.12E-08 NA 
1.22E+02 8.95E-08 NA 
9.20E+00 6.77E-09 NA 
8.34E+00 6.13E-09 NA 
7.33E+00 5.39E-09 3.10E+00 
1.10E+00 8.08E-10 NA 
4.98E+00 3.66E-09 NA 

COG Drip Leg Area 

Value 
cs (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 
cs 

1.36E+09 
2.5 
8 

180 
1 

70 
25,550 

365 

Carcinogens Noncarcinogens 
RfDi CDI % Contrib. CDI % Contrib. 

(mg/kg/d) (mg!kg/d) ILCR TotallLCR (mg/kg/d) HQ HI 
1.00E-03 2.5E-08 .. -- 1.7E-06 1.7E-03 1% 

NA 4.0E-11 -- -- 2.8E-09 -- --
NA 5.4E-11 8.2E-10 4% 3.8E-09 -- --

5.70E-05 9.3E-12 5.9E-11 0% 6.5E-10 1.1E-05 0% 
3.00E-05 5.1E-10 2.1E-08 96% 3.5E-08 1.2E-03 1% 

NA 2.0E-07 -- -- 1.4E-05 -- --
NA 3.0E-10 -- -- 2.1E-08 -- --

1.43E-05 3.0E-08 -- -- 2.1E-06 1.5E-01 98% 
NA 7.7E-11 -- -- 5.4E-09 -- --
NA 2.2E-11 -- -- 1.6E-09 -- --
NA 1.8E-10 -- -- 1.3E-08 -- --
NA 1.4E-11 -- -- 9.5E-10 -- --
NA 1.2E-11 -- -- 8.6E-10 -- --
NA 1.1E-11 3.4E-11 0% 7.6E-10 -- --
NA 1.6E-12 -- -- 1.1E-10 -- --
NA 7.4E-12 -- -- 5.2E-10 -- --

TotaliLCR: 2.2E-08 100% Total HI: 0.2 100% 

1.50E-01 

\\Svr-pitt\projects\2004 Projects\040-762 Wheeling Pitt Follansbee\2005\Human Health Risk Calculation Worksheets\Calcs with bioaccessibilityandnocr6\R-COG Drip Legs Surface Soil Risk CalculatioiCoxfs.lnh 



Scenario = Adult Resident 
Medium/Exposure Incidental Ingestion of Surface Soils 

CDI (mg/kg/d)= (C*IR*CF*FI*EF*ED)/(BW*AT) 
ILCR = CDI*CSFo 
HQ = CDI/RfDo 

Parameter Units 
CDI mg/kg/d 

ILCR NA 
CSFo 1/(mg/kg/d) 

HQ NA 
RfDo mg/kg/d 
c mg/kg 

IR-S mg/day 
CF kg/mg 
Fl NA 
EF days/year 
ED years 
BW kg 

AT-C days 
A T-N days 

Parameter 
7429905 Aluminum 
7440360 Antimony 
7440382 Arsenic 
7440439 Cadmium 

18540299 Chromium (VI) 
7439896 Iron 
7439921 lead 
7439965 Manganese 
7439987 Molybdenum 
7440280 .Thallium 
7440622 Vanadium 

205992 Benzo b]fluoranthene 
56553 Benzo a] anthracene 
50328 Benzo a]pyrene 
53703 Dibenz a,h]anthracene 

193395 lndeno 1,2,3-cd)pyrene 

Notes: 
- Not applicable. 

NA- Toxicity criterion not available. 
% Contribution for this pathway only 

Description 
Chronic daily intake 
Incremental lifetime cancer risk 
Oral cancer slope factor 
Hazard quotient 
Oral reference dose 
Concentration of chemical in soil 
Ingestion rate of soil 
Conversion factor 
Fraction of soil ingested from site 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging lime, noncarcinogens 

c CSFo 
(mg/kg) 1/(mg/kg/d) 

1.67E+04 NA 
2.73E+01 NA 
3.67E+01 1.5E+00 
6.30E+00 NA 
3.42E+02 NA 
1.34E+05 NA 
2.00E+02 NA 
2.05E+04 NA 
5.19E+01 NA 
1.52E+01 NA 
1.22E+02 NA 
9.20E+00 7.3E-01 
8.34E+00 7.3E-01 
7.33E+00 7.3E+00 
1.10E+00 7.3E+00 
4.98E+00 7.3E-01 

A-COG Drip legs Surface Soil Risk Calculations. xis (ResAing) 

COG Drip Leg Area 

Value 
cs (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 
100 

1.00E-06 
1 

350 
30 
70 

25,550 
10,950 

Carcinogens Noncarcin~gens 
RfDo CDI % Contrib. CDI %Contrib. Oral 

I (mglkg!d) (mg/kg/d) ILCR TotalllCR (mg/kg!d) HQ HI Bioaccessibility 
1.0E+00 9.8E-03 -- -- 2.3E-02 2.3E-02 1% 
4.0E-04 1.6E-05 -- -- 3.7E-05 9.3E-02 3% 
3.0E-04 2.2E-05 3.2E-05 41% 5.0E-05 1.7E-01 6% 
5.0E-04 3.7E-06 -- -- 8.6E-06 0.02 1% 1 
3.0E-03 2.0E-04 -- -- 4.7E-04 0.16 6% 1 
3.0E-01 7.9E-02 -- -- 1.8E-01 0.611 22% 

NA 1.2E-04 -- -- 2.7E-04 -- --
2.0E-02 1.2E-02 -- -- 2.8E-02 1.41 50% 1 
5.0E-03 3.0E-05 -- -- 7.1E-05 O.D1 1% 
7.0E-05 8.9E-06 -- -- 2.1E-05 0.30 11% 1 
1.0E-03 7.1E-05 -- -- 4.1E-05 0.04 1% 0.245 

NA 5.4E-06 3.9E-06 5% 1.3E-05 -- --
NA 4.9E-06 3.6E-06 5% 1.1E-05 -- --
NA 4.3E-06 3.1E-05 40% 1.0E-05 -- --
NA 6.4E-07 4.7E-06 6% 1.5E-06 -- --
NA 2.9E-06 2.1E-06 3% 6.8E-Q6 -- --

~ILCR: 7.8E-05 100% Total HI: 2.8 100% 
--

1.43 
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Scenario= Adult Resident 
Medium/Exposure= Dermal Exposure to Surface Soils 

DAD {mg/kg/d)={C•CF.AF.ABS.SA.EF.ED)/{BW.AT) 
ILCR = CDI•CSFd 
HQ = CDI/RfDd 

Parameter Units 
DAD mg/kg/d 
ILCR NA 
CSFd 1/{mg/kg/d) 

HQ NA 
RfDd mg/kg/d 
c mg/kg 

CF kg/mg 
AF mg/cm2 

ABS NA 
SA cm2/day 
EF days/year 
ED years 
BW kg 

AT-C days 
A T-N days 

Parameter 
7429905 Aluminum 
7440360 Antimony 
7440382 Arsenic 
7440439 Cadmium 

18540299 Chromium (VI) 
7439896 Iron 
7439921 Lead 
7439965 Manganese 
7439987 Molybdenum 
7440280 Thallium 
7440622 Vanadium 
205992 Benzo[b]fluoranthene 
56553 Benzo[a]anthracene 
50328 Benzo[a]pyrene 
53703 Dibenz[a,h]anthracene 

193395 lndeno(1,2,3-cd)P.)Irene 

NOTES: 
- Not applicable. 

NA- Toxicity criterion not available. 
o/o Contribution for this pathway only 
Antimony RfDo adjusted by 15% 
Chromium RfDo adjusted by 2.5% 
Managanse RfDo adjusted by 4% 
Cadmium R!Do adjusted by 5% 

Description 
Dermally absorbed dose 
lncrementallffetime cancer risk 
Dermal cancer slope factor 
Hazard quotient 
Dermal reference dose 
Concentration of chemical in soil 
Conversion factor 
Soil to skin adherence factor 
Absorption fraction 
Skin surface area available for contact 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

c CSFd 
{mg/kg) ABS 1/(mg/kg/d) 

1.67E+04 0.01 NA 
2.73E+01 O.Q1 NA 
3.67E+01 0.03 1.5E+00 
6.30E+00 0.001 NA 
3.42E+02 0.01 NA 
1.34E+05 0.01 NA 
2.00E+02 O.Q1 NA 
2.05E+04 O.Q1 NA 
5.19E+01 0,01 NA 
1.52E+01 0.01 NA 
1.22E+02 0,01 NA 
9.20E+00 0.13 7.3E-01 
8.34E+OO 0.13 7.3E-01 
7.33E+OO 0.13 7.3E+00 
1.10E+00 0.13 7.3E+OO 
4.98E+00 0.13 7.3E-01 

COG Drip Leg Area 

Value 
cs {Chemical Specific) 
cs 
cs 
cs 
cs 
cs 

l.OOE-06 
0.07 
cs 

5,700 
350 
30 
70 

25,550 
10,950 

Carcinogens NoncarcinoQens 
RfDd DAD %Contrib. DAD %Contrib. Dermal 

(mg/kg/d) lmg/kg/cJ)_ ILCR TotaiiLCR _(mg/kg/d) HQ HI Bioaccessibilih'_ 
1.0E+OO 3.9E-04 -- -- 9.1E-04 9.1E-04 1.1% 
6.0E-05 6.4E-07 -- -- 1.5E-06 2.5E-02 31.3% 
3.0E-04 2.6E-06 3.9E-06 16% 6.0E-06 2.0E-02 25.3% 
2.5E-06 1.5E-08 -- -- 1.1E-11 4.5E-06 0.0% 0.00033 
7.5E-05 8.0E-06 -- -- 5.8E-08 7.7E-04 1.0% 0.0031 
3.0E-01 3.1E-03 -- -- 7.3E-03 2.4E-02 30.7% 

NA 4.7E-06 -- -- 1.1E-05 -- --
8.0E-04 2.4E-06 -- -- 5.6E-06 7.0E-03 8.8% 0.005 
5.0E-03 1.2E-06 -- -- 2.8E-06 5.7E-04 0.7% 
7.0E-05 6.4E-10 -- -- 1.5E-09 2.1E-05 0.0% 0.0018 
1.0E-03 3.4E-07 -- -- 8.0E-07 8.0E-04 1.0% 0.12 

NA 2.8E-06 2.0E-06 9% 6.5E-06 -- --
NA 2.5E-06 1.9E-06 8% 5.9E-06 -- --
NA 2.2E-06 1.6E-05 68% 5.2E-06 -- --
NA 3.3E-07 2.4E-06 10% 7.8E-07 -- --
NA 1.5E-06 1.1E-06 5% 3.5E-06 -- --

Total ILCR: 2.4E-05 100% Total HI: 0.1 100.0% 

7.9E·03 
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Scenario = Adult Resident 
Medium/Exposure Inhalation of Fugitive Dusts from Soils 

CDI (mg/kg/d)= (Ca*RR*ET*EF*ED)/(BW*AT) 
Ca = C*(1/PEF) 
ILCR = CDI*CSFo 
HQ = CDI/RIDo 

Parameter Units 
CDI mg/kg/d 
ILCR NA 
CSFi 1/(mglkg/d) 
HQ NA 
RfDi mg/kg/d 
c mg/kg 

Ca mg/m3 
PEF m31kg 
RR m3/hr 
ET hr/day 
EF days/year 
ED years 
BW kg 

AT-C days 
A T-N days 

Parameter 
7429905 Aluminum 
7440360 Antimony 
7440382 Arsenic 
7440439 Cadmium 

18540299 Chromium (VI) 
7439896 Iron 
7439921 Lead 
7439965 Manganese 
7439987 Molybdenum 
7440280 Thallium 
7440622 Vanadium 

205992 Benzo[b]fluoranthene 
56553 Benzo[a]anthracene 
50328 Benzo[a]pyrene 
53703 Dibenz[a,hlanthracene 

193395 lndeno(1 ,2,3-cd)pyrene 

NOTES: 
- Not applicable. 

NA- Toxicity criterion not available. 
% Contribution for this pathway only 

Description 
Chronic daily intake 
Incremental lifetime cancer risk 
Inhalation cancer slope factor 
Hazard quotient 
Inhalation reference dose 
Concentration of chemical in soil 
Concentration of chemical in air 
Particulate emission factor 
Respiration Rate 
Exposure Time 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

c Ca CSFi 
(mQ/kQ) mQ/m3 1 L( ll}glkg/d 

1.67E+04 1.23E-o5 NA 
2.73E+01 2.01E-08 NA 
3.67E+01 2.70E-08 1.51E+01 
6.30E+00 4.63E-09 6.30E+00 
3.42E+02 2.52E-07 4.10E+01 
1.34E+05 9.85E-05 NA 
2.00E+02 1.47E-07 NA 
2.05E+04 1.51E-o5 NA 
5.19E+01 3.82E-08 NA 
1.52E+01 1.12E-08 NA 
1.22E+02 8.95E-08 NA 
9.20E+00 6.77E-09 NA 
8.34E+00 6.13E-09 NA 
7.33E+00 5.39E-09 3.10E+00 
1.10E+00 8.08E-10 NA 
4.98E+00 3.66E-09 NA 

COG Drip Leg Area 

Value 
cs (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 
cs 

1.36E+09 
0.833 

7 
350 
30 
70 

25,550 
10,950 

Carcinogens Noncarcinogens 
RfDi CDI % Contrib. CDI % Contrib. 

(mg/kg/d) (mg/kg/dl ILCR TotaiiLCR (mg/kg/d) HQ HI 
1.00E-03 4.2E-07 -- -- 9.8E-Q7 9.8E-04 1% 

NA 6.9E-10 -- -- 1.6E-09 -- --
NA 9.2E-10 1.4E-08 4% 2.2E-09 -- --

5.70E-05 1.6E-10 1.0E-09 0% 3.7E-10 6.5E-06 0% 
3.00E-05 8.6E-09 3.5E-07 96% 2.0E-08 6.7E-04 1% 

NA 3.4E-06 -- -- 7.9E-06 -- --
NA 5.0E-09 -- -- 1.2E-08 -- --

1.43E-05 5.2E-07 -- .. 1.2E-06 8.4E-02 98% 
NA 1.3E-09 -- -- 3.0E-09 -- --
NA 3.8E-10 -- -- 8.9E-10 -- --
NA 3.1E-09 -- -- 7.1E-09 -- --
NA 2.3E-10 -- -- 5.4E-10 -- --
NA 2.1E-10 -- -- 4.9E-10 -- --
NA 1.8E-10 5.7E-10 0% 4.3E-10 -- --
NA 2.8E-11 -- -- 6.5E-11 -- --
NA 1.3E-10 -- -- 2.9E-10 -- --

TotaiiLCR: 3.7E-07 100% Total HI: 0.1 100% 

8.5E-Q2 
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Scenario::: Child Resident 
Medium/Exposure Incidental Ingestion of Surface Soils 

CDI (mg/kg/d)= (C*IR*CF*FI*EF*ED)/(BW*AT) 
ILCR = CDI*CSFo 
HQ = CDI/RfDo 

Parameter Units 
CDI mg/kg/d 
ILCR NA 
CSFo 1/(mg/kg/d) 
HQ NA 

RfDo mg/kg/d 
c mg/kg 

IR-S mg/day 
CF kg/mg 
Fl NA 
EF days/year 
ED years 
BW kg 

AT-C days 
A T-N days 

Parameter 
7429905 Aluminum 
7440360 Antimony 
7440382 Arsenic 
7440439 Cadmium 

18540299 Chromium (VI) 
7439896 Iron 
7439921 Lead 
7439965 Mal}g_anese 
7439987 Molybdenum 
7440280 Thallium 
7440622 Vanadium 

205992 Benzo b]fluoranthene 
56553 Benzo a]anthracene 
50328 Benzo a]pyrene 
53703 Dibenz a,h]anthracene 

193395 lndeno 1 ,2,3-cd)pyrene 

Notes: 
- Not applicable. 

NA- Toxicity criterion not available. 
% Contribution for this pathway only 

Description 
Chronic daily intake 
Incremental lifetime cancer risk 
Oral cancer slope factor 
Hazard quotient 
Oral reference dose 
Concentration of c;hemical in soil 
Ingestion rate of soil 
Conversion factor 
Fraction of soil ingested from site 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

c CSFo 
(mg/kg) 1/(mg/kg/d) 

1.67E+04 NA 
2.73E+01 NA 
3.67E+01 1.5E+00 
6.30E+00 NA 
3.42E+02 NA 
1.34E+05 NA 
2.00E+02 NA 
2.05E+04 NA 
5.19E+01 NA 
1.52E+01 NA 
1.22E+02 NA 
9.20E+00 7.3E-01 
8.34E+00 7.3E-01 
7.33E+00 7.3E+00 
1.10E+00 7.3E+00 
4.98E+00 7.3E-01 

COG Drip Leg Area 

Value 
cs (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 
200 

1.00E-06 
1 

350 
6 

15 
25,550 
2,190 

Carcinogens Noncarcinogens 
RfDo CDI % Contrib. CDI % Contrib. Oral 

(mg/kg/d) (mg/kg/d) ILCR TotaiiLCR (mg/kg/d) HQ HI Bioaccessibility 
1.0E+00 1.8E-02 -- -- 2.1E-01 2.1E-01 1% 
4.0E-04 3.0E-05 -- -- 3.5E-04 8.7E-01 3% 
3.0E-04 4.0E-05 6.0E-05 41% 4.7E-04 1.6E+00 6% 
5.0E-04 6.9E-06 -- -- 8.1E-05 0.16 1% 1 
3.0E-03 3.7E-04 -- -- 4.4E-03 1.46 6% 1 
3.0E-01 1.5E-01 -- -- 1.7E+00 5.707 22% 

NA 2.2E-04 -- -- 2.6E-03 -- --
2.0E-02 2.2E-02 -- -- 2.6E-01 13.11 50% 1 
5.0E-03 5.7E-05 -- -- 6.6E-04 0.13 1% 
7.0E-05 1.7E-05 -- -- 1.9E-04 2.78 11% 1 
1.0E-03 1.3E-04 -- -- 3.8E-04 0.38 1% 0.245 

NA 1.0E-05 7.4E-06 5% 1.2E-04 -- --
NA 9.1E-06 6.7E-06 5% 1.1E-04 -- --
NA 8.0E-06 5.9E-05 40% 9.4E-05 -- --
NA 1.2E-06 8.8E-06 6% 1.4E-05 -- --
NA 5.5E-06 4.0E-06 3% 6.4E-05 -- --

TotaiiLCR: 1.5E-04 100% Total HI: 26.4 100% 

13.327 
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Scenario= Child Resident 
Medium/Exposure= Dermal Exposure to Surface Soils 

DAD (mg/kg/d)=(C·cF· AF• Ass•sA•Ef.ED)/(BW• AT) 
ILCR = CDI.CSFd 
HQ =CDI/RfDd 

Parameter Un~s 

DAD mg/kg/d 
ILCR NA 
CSFd 1/(mg/kg/d) 

HQ NA 
RfDd mg/kg/d 

c mg/kg 
CF kg/mg 
AF mg/cm2 

ABS NA 
SA cm2/day 
EF days/year 
ED years 
BW kg 

AT-C days 
A T-N days 

Parameter 
7429905 Aluminum 
7440360 Antimony 
7440382 Arsenic 
7440439 Cadmium 

18540299 Chromium (VI) 
7439896 Iron 
7439921 Lead 
7439965 Manganese 
7439987 Molybdenum 
7440280 Thallium 
7440622 Vanadium 
205992 Benzo[b]fluoranthene 
56553 Benzo[a]anthracene 
50328 Benzolafpvrene 
53703 Dibenz[a,h]anthracene 

193395 lndeno(1 ,2,3-cd)pyrene 

NOTES: 
- Not applicable. 

NA- Toxic~ cr~erion not available. 
% Contribution for this pathway only 
Antimony RfDo adjusted by 15% 
Chromium RfDo adjusted by 2.5% 
Managanse RfDo adjusted by 4% 
Cadmium RfDo adjusted by 5% 

Description 
Dermally absorbed dose 
Incremental lifetime cancer risk 
Dermal cancer slope factor 
Hazard quotient 
Dermal reference dose 
Concentration of chemical in soil 
Conversion factor 
Soil to skin adherence factor 
Absorption fraction 
Skin surface area available for contact 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

c CSFd 
(mg/kg) ABS 1/(mg/kg/d) 

1.67E+04 O.D1 NA 
2.73E+01 0.01 NA 
3.67E+01 0.03 1.5E+OO 
6.30E+00 0.001 NA 
3.42E+02 0.01 NA 
1.34E+05 0.01 NA 
2.00E+02 0.01 NA 
2.05E+04 0.01 NA 
5.19E+01 0.01 NA 
1.52E+01 0.01 NA 
1.22E+02 0.01 NA 
9.20E+00 0.13 7.3E-01 
8.34E+00 0.13 7.3E-01 
7.33E+00 0.13 7.3E+00 
1.10E+00 0.13 7.3E+00 
4.98E+00 0.13 7.3E-01 

COG Drip Leg Area 

Value 
cs (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 

1.00E-06 
0.20 
cs 

2,800 
350 

6 
15 

25,550 
2,190 

Carcinooens Noncarcinogens 
RfDd DAD %Contrib. DAD %Contrib. Dermal 

(ma/ka/d) (rna/kg/d) ILCR TotaiiLCR (mg/kg/d) HQ HI Bioaccessibility 
1.0E+00 5.1E-04 -- -- 6.0E-03 6.0E-03 1.1% 
6.0E-05 8.4E-07 -- -- 9.8E-06 1.6E-01 31.3% 
3.0E-04 3.4E-06 5.1E-06 16% 3.9E-05 1.3E-01 25.3% 
2.5E-06 1.9E-08 -- -- 7.4E-11 3.0E-05 0.0% 0.00033 
7.5E-05 1.0E-05 -- -- 3.8E-07 5.1E-03 1.0% 0.0031 
3.0E-01 4.1E-03 -- -- 4.8E-02 1.6E-01 30.7% 

NA 6.1E-06 -- -- 7.2E-05 -- --
8.0E-04 6.3E-04 -- -- 3.7E-05 4.6E-02 8.8% 0.005 
5.0E-03 1.6E-06 -- -- 1.9E-05 3.7E-03 0.7% 
7.0E-05 4.7E-07 -- -- 9.8E-09 1.4E-04 0.0% 0.0018 
1.0E-03 3.7E-06 -- -- 5.2E-06 5.2E-03 1.0% 0.12 

NA 3.7E-06 2.7E-06 9% 4.3E-05 -- --
NA 3.3E-06 2.4E-06 8% 3.9E-05 -- --
NA 2.9E-06 2.1E-05 68% 3.4E-05 -- --
NA 4.4E-07 3.2E-06 10% 5.1E-06 -- --
NA 2.0E-06 1.4E-06 So/o 2.3E-05 -- --

TotaiiLCR: 3.2E-05 100% Total HI: 0.5 100.0% 

5.2E-02 
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Scenario= Child Resident 
Medium/Exposure Inhalation of Fugitive Dusts from Soils 

CDI (mg/kg/d)= (Ca*RR*ET*EF*ED)/(BW* AT) 
Ca = C*(1/PEF) 
ILCR = CDI*CSFo 
HO= CDI/RIDo 

Parameter Units 
CDI mg/kg/d 
ILCR NA 
CSFi 1/(mg/kg/d) 
HQ NA 
RIDi mg/kg/d 
c mg/kg 

Ca mg/m3 
PEF m3/kg 
RR m3/hr 
ET hr/day 
EF days/year 
ED years 
BW kg 

AT-C days 
A T-N days 

Parameter 
7429905 Aluminum 
7440360 Antimony_ 
7440382 Arsenic 
7440439 Cadmium 

18540299 Chromium (VI) 
7439896 Iron 
7439921 Lead 
7439965 Manganese 
7439987 Molybdenum 
7440280 Thallium 
7440622 Vanadium 
205992 Benzo[b]fluoranthene 

56553 Benzo[ a)anthracene 
50328 Benzo[a]pyrene 
53703 Dibenz(a,h)anthracene 

193395 lndeno(1 ,2,3-cd)pyrene 

NOTES: 
- Not applicable. 

NA- Toxicity criterion not available. 
o/o Contribution for this pathway only 

Description 
Chronic daily intake 
Incremental lifetime cancer risk 
Inhalation cancer slope factor 
Hazard quotient 
Inhalation reference dose 
Concentration of chemical in soil 
Concentration of chemical in air 
Particulate emission factor 
Respiration Rate 
Exposure Time 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

c Ca CSFi 
(mg/kg) mg/m3 1/(mg/kg/d 

1.67E+04 1.23E-05 NA 
2.73E+01 2.01E-08 NA 
3.67E+01 2.70E-08 1.51E+01 
6.30E+00 4.63E-09 6.30E+00 
3.42E+02 2.52E-07 4.10E+01 
1.34E+05 9.85E-05 NA 
2.00E+02 1.47E-07 NA 
2.05E+04 1.51E-Q5 NA 
5.19E+01 3.82E-08 NA 
1.52E+01 1.12E-08 NA 
1.22E+02 8.95E-08 NA 
9.20E+00 6.77E-09 NA 
8.34E+00 6.13E-09 NA 
7.33E+00 5.39E-09 3.10E+00 
1.10E+00 8.08E-10 NA 
4.98E+00 3.66E-09 NA 

COG Drip Leg Area 

Value 
cs (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 
cs 

1.36E+09 
0.5 
7 

350 
6 

15 
25,550 
2,190 

CarcinoQens Noncarcinogens i 
RfDi CDI o/o Contrib. CDI o/o Contrib. 

(mg/kg/d) (mg/kg/d) ILCR TotaiiLCR (mQ/kg/d) HQ HI 
1.00E-03 2.4E-07 -- -- 2.7E-06 2.7E-03 1% 

NA 3.8E-10 -- -- 4.5E-09 -- --
NA 5.2E-10 7.8E-09 4% 6.0E-09 -- --

5.70E-05 8.9E-11 5.6E-10 0% 1.0E-09 1.8E-05 0% 
3.00E-05 4.8E-09 2.0E-07 96% 5.6E-08 1.9E-03 1% 

NA 1.9E-06 -- -- 2.2E-05 -- --
NA 2.8E-09 -- -- 3.3E-08 -- --

1.43E-05 2.9E-07 -- -- 3.4E'06 2.4E-01 98% 
NA 7.3E-10 -- -- 8.5E-09 -- --
NA 2.1E-10 -- -- 2.5E-09 -- --
NA 1.7E-09 -- -- 2.0E-08 -- --
NA 1.3E-10 -- -- 1.5E-09 -- --
NA 1.2E-10 -- -- 1.4E-09 -- --
NA 1.0E-10 3.2E-10 0% 1.2E-09 -- --
NA 1.5E-11 -- -- 1.8E-10 -- --
NA 7.0E-11 -- -- 8.2E-10 -- --

TotaiiLCR: 2.1E-07 100% Total HI: 0.2 100% 

2.4E-Q1 
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COG DRIP LEGS 
Subsurface Soil 

Adult Construction Worker LICR HI HI HI 
no target orgs CNS other effects 

Ingestion 3.7E-06 0.62 0.32 0.29 
Dermal Contact 5.9E-06 0.08 0.01 0.07 
Inhalation 1.5E-07 0.14 0.11 0.03 

9.66E-06 0.84 0.44 0.40 

!-
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Scenario= Adult Construction Worker 
Medium!Exposure Incidental Ingestion of Subsurface Soils 

CDI (mglkg/d)= (C*IR*CF*FI*EF*ED)/(BW*AT) 
ILCR = CDI*CSFo 
HQ = CDI/RfDo 

Parameter Units 
CDI mg/kg/d 
ILCR NA 
CSFo 1/(mg/kg/d) 
HQ NA 

RfDo mg/kg/d 
c mg/kg 

IRS mg/day 
CF kg/mg 
Fl NA 
EF days/year 
ED years 
BW kg 
ATC days 
ATN days 

Parameter 
7440382 Arsenic 

18540299 Chromium (VI) 
7439896 Iron 
7439965 Manganese 
7440280 Thallium 
7440622 Vanadium 
205992 Benzo[b]fluoranthene 
56553 Benzo[a]anthracene 
50328 Benzo[a]pyrene 
53703 Dibenz[ a,h]anthracene 

193395 lndeno(1 ,2,3-cd)pyrene 
71432 Benzene 

107062 1 ,2-Dichloroethane 
108883 Toluene 

1330207 Total Xylene 

NOTES: 
"--" Not applicable. 
NA Toxicity criterion not available. 

% Contribution for this pathway only 

Description 
Chronic daily intake 
Incremental lifetime cancer risk 
Oral cancer slope factor 
Hazard quotient 
Oral reference dose 
Concentration of chemical in soil 
Ingestion rate of soil 
Conversion factor 
Fraction of soil ingested from site 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

c CSFo 
(mo/kol 1/(mg/kg/d) 

1.52E+01 1.5E+00 
6.85E+02 NA 
5.51E+04 NA 
1.43E+04 NA 
9.06E+00 NA 
1.36E+02 NA 
6.37E+01 7.3E-01 
6.37E+01 7.3E-01 
5.67E+01 7.3E+00 
1.85E+00 7.3E+00 
2.49E+01 7.3E-01 
1.00E+02 5.5E-02 
1.24E-01 9.1E-02 
1.10E+02 NA 
4.98E+01 NA 

R-COG Drip Legs SubSurface Soil Risk Calculations.xls (Cons-lng) 

COG Drip Leg Area 

Value 
cs (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 
64 

1.00E-06 
1 

180 
1 

70 
25,550 

365 

Carcinogens Noncarcinogens 
RfDo CDI %Contrib. CDI % Contrib. Oral 

(mg/kg/d) (mg/kg/d) ILCR TotaiiLCR I (mg/kg/d) HQ HI Bioaccessibility 
3.0E-04 9.8E-08 1.5E-07 4% 6.9E-06 2.29E-02 4% 
3.0E-03 4.4E-06 -- -- 3.1E-04 1.03E-01 17% 1 
3.0E-01 3.5E-04 -- -- 2.5E-02 8.27E-02 13% 
2.0E-02 9.2E-05 -- -- 6.4E-03 3.22E-01 52% 1 
7.0E-05 5.8E-08 -- -- 4.1E-06 5.84E-02 9% 1 
1.0E-03 8.8E-07 -- -- 1.5E-05 1.51E-02 2% 0.245 

NA 4.1E-07 3.0E-07 8% O.OE+OO -- --
NA 4.1E-07 3.0E-07 8% O.OE+OO -- --
NA 3.7E-07 2.7E-06 73% 2.6E-05 -- --
NA 1.2E-08 8.7E-08 2% 8.4E-07 -- --
NA 1.6E-07 1.2E-07 3% O.OE+OO -- --

4.0E-03 6.4E-07 3.5E-08 1% 4.5E-05 1.13E-02 2% 
2.0E-02 8.0E-10 7.3E-11 0% 5.6E-08 2.81E-06 0% 
2.0E-01 7.1E-07 -- -- 5.0E-05 2.48E-04 0% 
2.0E-01 3.2E-07 -- -- 2.2E-05 1.12E-04 0% 

~ILCR: 3.7E-06 100o/~ JQ1al H_l: _0.6 
-

100% 

3.22E-01 
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Scenario= Adult Construction Worker 
Medium/Exposure= Dermal Exposure to Subsurface Soils 

DAD (mg/kg/d)=(C•CF• AF•Ass•sA •EF.ED)/(BW• AT) 
ILCR = CDI.CSFd 
HQ = CDI/RfDd 

Parameter Units 
DAD mglkg/d 
ILCR NA 
CSFd 1/(mg/kg/d) 
HQ NA 

R!Dd mglkg/d 
c mg/kg 

CF kg/mg 
AF mg/cm2 

ABS NA 
SA cm2/day 
EF days/year 
ED years 
BW kg 

AT-C days 
A T-N days 

Parameter 
7440382 Arsenic 

18540299 Chromium (VI) 

7439896 Iron 
7439965 Manganese 
7440280 Thallium 

7440622 Vanadium 

205992 Benzo[bllluoranthene 

56553 Benzo[a]anthracene 

50328 Benzo[a]pyrene 

53703 Dibenz[a,h]anthracene 

193395 lndeno(1 ,2,3-cd)pyrene 

71432 Benzene 

107062 1 ,2-Dichloroethane 

108883 Toluene 

1330207 Total Xylene 

NOTES: 
- Not applicable. 

NA- Toxicity crnerion not available. 
% Contribution lor this pathway only 

Chromium RID adjusted by 2.5% 
Managanse RID adjusted by 4% 
Vanadium RID adjusted by 2.6% 

Description 
Dermally absorbed dose 
Incremental lifetime cancer risk 
Dermal cancer slope factor 
Hazard quotient 
Dermal reference dose 
Concentration of chemical in soil 
Conversion factor 
Soil to skin adherence factor 
Absorption fraction 
Skin surface area available lor contact 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

c CSFd 
(mg!kg) ABS 1/(mg/kg/d) 

1.52E+01 0.03 1.5E+OO 

6.85E+02 O.Q1 NA 

5.51E+04 0.01 NA 

1.43E+04 O.Q1 NA 

9.06E+00 0.01 NA 

1.36E+02 0.01 NA 

6.37E+01 0.13 7.3E-01 

6.37E+01 0.13 7.3E-01 

5.67E+01 0.13 7.3E+00 

1.85E+00 0.13 7.3E+00 

2.49E+01 0.13 7.3E-01 

1.00E+02 0.03 5.5E-02 

1.24E-01 0.03 9.1E-02 

1.10E+02 0.03 NA 

4.98E+01 0.03 NA 

A-COG Drip Legs SubSurface Soil Risk Calculations.xls (Cons-Derm) 

COG Drip Leg Area 

Value 
cs (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 

1.00E-06 
0.30 
cs 

3,300 
180 

70 
25,550 

365 

Carcinogens Noncarcinogens 
R!Dd DAD %Contrib. DAD %Contrib. Dermal 

(mg/kg/d) _(mg/kg/d) ILCR TotaiiLCR I (.mg/kg/d) HQ HI Bioaccessibility 
3.0E-04 4.5E-08 6.8E-08 1% 3.2E-06 1.1E-02 13.1% 

7.5E-05 6.8E-07 -- -- 1.5E-07 2.0E-03 2.4% 0.0031 

3.0E-01 5.5E-05 -- -- 3.8E-03 1.3E-02 15.8% 

8.0E-04 7.1E-08 -- -- 5.0E-06 6.2E-03 7.7% 0.005 

7.0E-05 1.6E-11 -- -- 1.1E-09 1.6E-05 0.0% 0.0018 

2.6E-05 1.6E-08 -- -- 1.1E-06 4.4E-02 54.2% 0.12 

NA O.OE+OO O.OE+OO 0% O.OE+OO -- --
NA O.OE+OO O.OE+OO 0% O.OE+OO -- --
NA 7.3E-07 5.4E-06 92% 5.1E-05 -- --
NA 2.4E-08 1.8E-07 3% 1.7E-06 -- --
NA 3.2E-07 2.4E-07 4% 2.3E-05 -- --

4.0E-03 3.0E-07 1.6E-08 0% 2.1E-05 5.2E-03 6.5% 

2.0E-02 3.7E-10 3.4E-11 0% 2.6E-08 1.3E-06 0.0% 

2.0E-01 3.3E·07 -- -- 2.3E-05 1.2E-04 0.1% 

2.0E-01 1.5E-07 -- -- 1.0E-05 5.2E-05 0.1% 
TotaiiLCR: 5.9E-06 100%- Jotal HI: 0.1 100.0% 

6.4E-03 
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Scenario = Adult Construction Worker 
Medium/Exposure Inhalation of Fugitive Dusts & Volatiles from Subsurface Soils 

CDI (mg/kg/d)= (Ca*RR*ET"EF*ED)/(BW*AT) 
Ca = C*(1/PEF) 
ILCR = CDI*CSFo 
HQ = CDI/RfDo 

Parameter Units 
CDI mg/kg/d 
ILCR NA 
CSFi 1/(mg/kg/d) 
HQ NA 
RfDi mg/kg/d 
c mglkg 

Ca mg/m3 
PEF m3/kg 
RR m3/hr 
ET hr/day 
EF days/year 
ED years 
BW kg 

AT-C days 
A T-N days 

Parameter 
7440382 Arsenic 

18540299 Chromium _{VI)_ 
7439896 Iron 
7439965 Manganese 
7440280 Thallium 
7440622 Vanadium 
205992 Benzo[b lfluoranthene 

56553 Benzo[a]anthracene 
50328 Benzo[ alovrene 
53703 Dibenz a,h]anthracene 

193395 lndeno 1 ,2,3-cd)pyrene 
71432 Benzene 

107062 1 ,2-Dichloroethane 
108883 Toluene 

1330207 Total Xylene 

NOTES: 
- Not applicable. 

NA ·Toxicity criterion not available. 
% Contribution for this pathway only 

Description 
Chronic daily intake 
Incremental lifetime cancer risk 
Inhalation cancer slope factor 
Hazard quotient 
Inhalation reference dose 
Concentration of chemical in soil 
Concentration of chemical in air 
Particulate emission factor 
Respiration Rate 
Exposure Time 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

Particulate Volatilzation 
c Ca Factor 

(mg/kg) (mg/m3)_ _im3/kg)-1 
1.52E+01 1.12E-08 --
6.85E+02 5.04E-07 --
5.51E+04 4.05E-05 --
1.43E+04 1.05E-05 --
9.06E+00 6.66E-09 --
1.36E+02 1.00E-07 --
6.37E+01 4.68E-08 --
6.37E+01 4.68E-08 --
5.67E+01 4.17E-08 --
1.85E+00 1.36E-09 --
2.49E+01 1.83E-08 --
1.00E+02 -- 1.98E-05 
1.24E-01 -- 1.26E-05 
1.10E+02 -- 1.42E-05 
4.98E+01 ·- 9.29E·06 

A-COG Drip Legs SubSurface Soil Risk Calculations.xls (Cons-lnh) 

Volatile 
Ca 

(mg/m3) 
--
--
--
--
--
--
--
--
--
--
--

1.98E-03 
1.57E-06 
1.56E-03 
4.62E-04 

Value 
CS (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 
cs 

1.36E+09 
2.5 
8 

180 
1 

70 
25,550 

365 

CSFi 
1/(mg/ko/d 
1.51E+01 
4.10E+01 

NA 
NA 
NA 
NA 
NA 
NA 

3.10E+00 
NA 
NA 

2.70E-02 
9.10E-02 

NA 
NA 

RfDi 
(mo/ko/d) 

NA 
3.00E-05 

NA 
1.43E-05 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

8.60E-03 
7.00E-01 
1.14E-01 
3.00E-02 

Carcinooens 
CDI 

(mg/kg/d) ILCR 
2.3E-11 3.4E-10 
1.0E-09 4.2E-08 
8.1E-08 --
2.1E-08 --
1.3E-11 --
2.0E-10 --
9.4E-11 --
9.4E-11 --
8.4E-11 2.6E-10 
2.7E-12 --
3.7E-11 --
4.0E-06 1.1E-07 
3.2E-09 2.9E-10 
3.1E-06 -· 
9.3E-07 --

TotaiiLCR: 1.5E-07 

COG Drip Leg Area 

Noncarcino1)ens 
%Contrib. CDI % Contrib. 
TotaiiLCR (mg/kg/d) HQ HI 

0% 1.6E-09 -- --
28% 7.1E-08 2.4E-03 2% 

-- 5.7E-06 -- --
-- 1.5E-06 1.0E-01 73% 
-- 9.4E-10 -- --
-- 1.4E-08 -- --
-- 6.6E-09 -- --
-- 6.6E-09 -- --

0% 5.9E-09 -- --
-- 1.9E-10 -- --
-- 2.6E-09 -- --

72% 2.8E-04 3.2E-02 23% 
0% 2.2E-07 3.2E-07 0% 
.. 2.2E·04 1.9E-03 1% 
.. 6.5E·05 2.2E-03 2% 
100% Total HI: 0.1 100% 

1.1 E-01 

Page 1 (1) 
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RAW MATERIALS STORAGE AREA 
Surface Soil LICR HI HI HI 
Adult Resident no target orgs CNS other effects 

Ingestion 1.1E-03 2.78 1.45 1.33 
Dermal Contact 5.8E-04 0.16 0.01 0.15 
Inhalation 6.8E-07 0.09 0.09 0.00 
Total 1.7E-03 3.02 1.54 1.48 

Child Resident 
Ingestion 2.1E-03 25.93 13.50 12.43 
Dermal Contact 7.6E-04 1.04 0.05 0.99 
Inhalation 1.2E-07 0.05 0.00 0.05 
Total 2.9E-03 27.02 13.55 13.47 

Adult Industrial Worker 
Ingestion 3.4E-04 0.99 0.52 0.48 
Dermal Contact 5.7E-04 0.19 0.01 0.18 
Inhalation 5.6E-07 0.09 0.08 0.00 
Total 9.1E-04 1.27 0.61 0.66 

Adult Construction Worker 
Ingestion 1.3E-05 0.91 0.48 0.44 
Dermal Contact 2.5E-05 0.20 0.01 0.19 
Inhalation 4.0E-08 0.15 0.15 0.00 
Total 3.73E-05 1.27 0.64 0.63 



Scenario = Adult Industrial Worker 
Medium/Exposure Incidental Ingestion of Surface Soils 

CDI (mg/kg/d)= (C*IR*CF*FI*EF*ED)/(BW*AT) 
ILCR = CDI*CSFo 
HQ = CDI/RfDo 

Parameter 
CDI 
ILCR 
CSFo 
HQ 

RfDo 
c 

IR-S 
CF 
Fl 
EF 
ED 
BW 

AT-C 
A T-N 

NOTES: 
- Not applicable. 

NA ·Toxicity criterion not available. 
% Contribution for this pathway only 

,_, .. 

Units 
mg/kg/d 

NA 
1/(mg/kg/d) 

NA 
mg/kg/d 
mg/kg 
mg/day 
kg/mg 

NA 
days/year 

years 
kg 

days 
days 

Description 
Chronic daily intake 
Incremental lifetime cancer risk 
Oral cancer slope factor 
Hazard quotient 
Oral reference dose 
Concentration of chemical in soil 
Ingestion rate of soil 
Conversion factor 
Fraction of soil ingested from site 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

Raw Materials Storage Area 

Value 
cs (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 
50 

1.00E-06 
1 

250 
25 
70 

25,550 
9,125 

5.16E·01 
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Scenario= Adult Industrial Worker 
Medium/Exposure:: Dermal Exposure to Surface Soils 

DAD (mg/kg/d)=(C*CF* AF* ABS*SA*EF*ED)/(BW* AT) 
ILCR = CDI*CSFd 
HQ = CDI/RIDd 

Parameter Units 
DAD mg/kg/d 
ILCR NA 
CSFd 1/(mg/kg/d) 

HQ NA 
RIDd mg/kg/d 
c mg/kg 

CF kg/mg 
AF mg/cm2 

ABS NA 
SA cm21day 
EF days/year 
ED years 
BW kg 

AT-C days 
A T-N days 

Description 
Dermally absorbed dose 
Incremental lifetime cancer risk 
Dermal cancer slope factor 
Hazard quotient 
Dermal reference dose 
Concentration of chemical in soil 
Conversion factor 
Soil to skin adherence factor 
Absorption fraction 
Skin surface area available for contact 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

Raw Materials Storage Area 

Value 
cs (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 

1.00E-06 
0.20 
cs 

3,300 
250 
25 
70 

25,550 
9,125 

CarcinQgens ______L___ .. Noncarcinogens 
C I I CSFd I RIDd I DAD- I ·······~% Contrib.l DAD--,- 1% Contrib.,Dermal -~ 

Parameter I (mg/kg) ABS 1/(mg/kg/d) (mg/kg/d) (mg/kg/d) ILCR TotaiiLCR (mg/kg/d) HQ HI Bioaccessil 
7429905 'AJLllrul1lJm:.:~·:~:~~:O\':~!"S'"i1;'J;i;'&M;ic~il~~\llt;l~Ol1,Qll)&:~;:o;:o.,11tldllL.l§!~flllX~'V'f-::;'r:~~iti+?t8:v< •• I.:';J~Q:t;4i\f~Vi1£iii;v;',iF'~::<\l'i}2?5E~nil'SJBi~!ltlt~¥1'0%!~1~61SE1Cill:i1~~6~g.e~Oli:WI&£:s!Q'l¥f?$/ii.:"3 
7440360 ny I 1.31 0.01 I NA I 6.0E-05 I 3.0E-08 I -- I -- I 8.4E-08 I 1.4E-03 I 0.7% 1.3 0.01 

NOTES: 

7440382 
18540299 
7439896 
7439965 
7440622 
205992 
56553 
50328 

207089 
53703 
193395 

- Not applicable. 

Arsenic 
Chromium (VI) 
Iron 
M§hgi:nes,e>?~~~*~~Z~Tz;;' :~- -
Vanadium 
Benzolblfluoranthene 
Benzol a ]anthracene 
Benzofa]JJ)Irene 
Benzofklfluoranthene 
Dibenzr a. hJ.anthracene 
lndeno(1 ,2,3-C:d)pyrene 

NA- Toxicity criterion not available. 
% Contribution for this pathway only 
Antimony RIDo adjusted by 15% 
Chromium RID adjusted by 2.5% 
Managanse RID adjusted by 4% 
Vanadium RID adjusted by 2.6% 

36.9 0.03 
631 0.01 I 

162000 0.01 l 
'~t:i''f?2690:ci 

391 0.01 
300 0.13 
68 0.13 

200 0.13 
13 0.13 

8.8 0.13 
140 0.13 

1.5E+00 
NA 
NA 

NA 
7.3E-01 
7.3E-01 
7.3E+00 
7.3E-02 
7.3E+00 
7.3E-01 

3.0E-04 
7.5E-05 
3.0E-01 

:;-:,_/-,> ~:~sl:~ 
2.6E-05 

NA 
NA 
NA 
NA 
NA 
NA 

2.6E-06 
1.5E-05 
3.7E-03 

14Mt8Ef6~ 
9.0E-06 
9.0E-05 
2.0E-05 
6.0E-05 
3.9E-06 
2.6E-06 
4.2E-05 

TotaiiLCR: 

3.8E-06 1% 7.1 E-06 I 2.4E-02 12.7% 
1.3E-07 I 1.7E-03 0.9% 

3.0E-06 I 1.2E-01 I 62.2% 
6.6E-05 11% 2.5E-04 
1.5E-05 3% 5.7E-05 
4.4E-04 76% 1.7E-04 
2.8E-07 0% 1.1E-05 
1.9E-05 3% 7.4E-06 
3.1E-05 5% 1.2E-04 
5.7E-04 100% Total HI: 0.2 100.0% 

9.1E-03 

0.0031 

0.005 
0.12 
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Scenario = Adult Industrial Worker 
Medium/Exposure Inhalation of Fugitive Dusts from Soils 

CDI (mg/kg/d)= (Ca*RR*ET*EF*ED)/(BW*AT) 
Ca = C*(1 /PEF) 
ILCR = CDI*CSFo 
HQ = CDI/RfDo 

Parameter 
CDI 
ILCR 
CSFi 
HQ 
RfDi 
c 
Ca 

PEF 
RR 
ET 
EF 
ED 
BW 

AT-C 
A T-N 

NOTES: 
- Not applicable. 

NA- Toxicity criterion not available. 
% Contribution for this pathway only 

Units 
mg/kg/d 

NA 
1/(mg/kg/d) 

NA 
mg/kg/d 
mg/kg 
mg/m3 
m3/kg 
m3/hr 
hr/day 

days/year 
years 

kg 
days 
days 

Description 
Chronic daily intake 
Incremental lifetime cancer risk 
Inhalation cancer slope factor 
Hazard quotient 
Inhalation reference dose 
Concentration of chemical in soil 
Concentration of chemical in air 
Particulate emission factor 
Respiration Rate 
Exposure Time 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

Raw Materials Storage Area 

Value 
cs (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 
cs 

1.36E+09 
1 
8 

250 
25 
70 

25,550 
9,125 

8.5E-02 
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Scenario= Adult Construction Worker 
Medium/Exposure Incidental Ingestion of Surface Soils 

CDI (mg/kg/d)= (C*IR*CF*FI*EF*ED)/(BW*AT) 
ILCR = CDI*CSFo 
HQ = CDI/RfDo 

Parameter 
CDI 
ILCR 
CSFo 
HQ 

RfDo 
c 

IR-S 
CF 
Fl 
EF 
ED 
BW 

AT·C 
AT·N 

Units 
mg/kg/d 

NA 
1/(mg/kg/d) 

NA 
mg/kg/d 
mg/kg 

mg/day 
kg/mg 

NA 
days/year 

years 
kg 

days 
days 

Description 
Chronic daily intake 
Incremental lifetime cancer risk 
Oral cancer slope factor 
Hazard quotient 
Oral reference dose 
Concentration of chemical in soil 
Ingestion rate of soil 
Conversion factor 
Fraction of soil ingested from site 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

Value 
CS (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 
64 

1.00E·06 
1 

180 
1 

70 
25,550 

365 

Carcin<Jgens 

Raw Materials Storage Area 

NoncarcinQQ_ens 

7429905 
Parameter 

~1l!fi:filj1f1Y 

c 
I (mg/kg) 

CSFo 
1/(mg/kg/d) 

RfDo 
(mg/kg/d) 

~~~~P.I~:I}'l\l'fA'~~iJ!lit"£1f-111~'€l:~~p~,~ 

I 
!llm!@~ltlllillaB~~~~~~~~~~~itm~~!jsioaccessil 

7440360 Antimony 1.31 NA I 4.0E-04 8.4E·09 I •• I •• I 5.9E-07 I1.47E·031 0% 
7440382 Arsenic I 36.91 1.5E+00 I 3.0E-04 I 2.4E·07 3.6E·07 
18540299 Chromium_f\11)_ I 6311 NA I 3.0E-03 I 4.1 E-06 

Iron 3.0E·01 1.0E·03 7439896 
7439965 I fY,Ian.9~n~.se ¥!2-:oE:~o~.;;,.;,;>;i.i';;:c;z'!;'~ ~;:\it1l'tl3:E~ol!:>\\;If< '<'"' 
7440622 Vanadium I 3911 NA I 1.0E-03 I 2.5E-06 
205992 Benzo[b]fluoranthene I 3001 7.3E-01 I NA I 1.9E·06 
56553 Benzo[a]anthracene I 681 7.3E·01 I NA I 4.4E-07 
50328 Benzo[a]pyrene I 2001 7.3E+OO I NA I 1.3E-06 
207089 Benzo[k]fluoranthene I 131 7.3E·02 I NA I 8.4E·08 
53703 Dibenz[a,h]anthracene I 8.81 7.3E+00 I NA I 5.7E-08 
193395 lndeno(1 ,2,3-cd)pyrene I 1401 7.3E·01 I NA I 9.0E·07 

TotaiiLCR: 
NOTES: 

• Not applicable. 
NA- Toxicity criterion not available. 

% Contribution for this pathway only 

6.38E·01 

1.4E·06 
3.2E-07 
9.4E-06 
6.1E·09 
4.1E-07 
6.6E-07 

1.3E-05 

3% 1.7E-05 I5.55E·021 6% 
2.8E·04 I9.48E·021 10% 

4.3E-05 I4.32E·021 5% 
11% 1.4E-04 
3% 3.1 E-05 

75% 9.0E·05 
0% 5.9E·06 
3% 4.0E-06 
5% 6.3E·05 

100% Total HI: 0.9 100% 

4.76E·01 

\\Svr·pitt\projects\2004 Projects\040-762 Wheeling Pitt Follansbee\2005\Human Health Risk Calculation Worksheets\Calcs with bioaccessibilityandnocr6\R-Raw Materials Surface Soil Risk 
Calculations.xls 

0.245 

Cons·lng 



Scenario= Adult Construction Worker 
Medium/Exposure= Dermal Exposure to Surface Soils 

DAD (mg/kg/d)=(C*CF* AF* ABS*SA*EF*ED)/(BW* AT) 
ILCR = CDI*CSFd 
HQ = CDI/RIDd 

Parameter Units 
DAD mg/kg/d 
ILCR NA 
CSFd 1/(mg/kg/d) 

HQ NA 
RIDd mg/kg/d 
c mglkg 

CF kg/mg 
AF mg/cm2 

ABS NA 
SA cm2/day 
EF days/year 
ED years 
BW kg 

AT-C days 
A T-N days 

Description 
Dermally absorbed dose 
Incremental lifetime cancer risk 
Dermal cancer slope factor 
Hazard quotient 
Dermal reference dose 
Concentration of chemical in soil 
Conversion factor 
Soil to skin adherence factor 
Absorption fraction 
Skin surface area available for contact 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

Raw Materials Storage Area 

Value 
cs (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 

1.00E-06 
0.30 
cs 

3,300 
180 
1 

70 
25,550 

365 

Carcinogens I Noncarcinogens 

C I I CSFd I RIDd I DAD I 1% Contrib.l DAD I 1% Contrlb.,Dermal 1 
Parameter I (mg/kg) ABS 1/(mg/kg/d) (mg/kg/d) (mg/kg/d) ILCR TotaiiLCR (mglkg/d) HQ HI Bioaccessil 

7429905 ~liDI:i;iititlillfrl;\Ji~;;;;;;~~iiiliik\'lli't4&1P7:0Gitll~[t!\1}t.f4f'I?;~:;N\J~'M~m~Q.Eil\'tiQR'!t''f~IIBI\¥tfie!O~~~t~l~~t;1'f~~l~~~~~~r.,~lit7i5~liillit~iSt:0'4%ila~o'§£~!,1;;t, 
7440360 AntimorlY_ I 1.31 0.01 I NA I 6.0E-05 I 1.3E-09 I -- I -- I 9.1E-08 I 1.5E-03 I 0.7% 
7440382 Arsenic I 36.91 0.03 I 1.5E+00 I 3.0E-04 I 1.1E-07 I 1.7E-07 I 1% I 7.7E-06 I 2.6E-02 I 12.7% 
18540299 I (VI) I 6311 0.01 I NA I 7.5E-05 I 6.3E-07 I -- I -- I 1.4E-07 I 1.8E-03 I 0.9% I 0.0031 6311 
7439896 

~ 
7440622 
205992 Benzofb lfluoranthene 
56553 Benzofalanthracene 
50328 Benzor a]pyrene 
207089 Benzofklfluoranthene 
53703 Dibenzra,h]anthracene 
193395 lndeno(1 ,2,3-cd)pyrene 

NOTES: 
- Not applicable. 

NA- Toxicity criterion not available. 
% Contribution for this pathway only 
Antimony RIDo adjusted by 15% 
Chromium RID adjusted by 2.5% 
Managanse RID adjusted by 4% 
Vanadium RID adjusted by 2.6% 

162000 0.01 
c l't'•:~\ 

391 
300 0.13 
68 0.13 

200 0.13 
13 0.13 

8.8 0.13 
140 0.13 

7.3E-01 NA 3.9E-06 2.8E-06 
7.3E-01 NA 8.8E-07 6.4E-07 
7.3E+00 NA 2.6E-06 1.9E-05 
7.3E-02 NA 1.7E-07 1.2E-08 
7.3E+00 NA 1.1E-07 8.3E-07 
7.3E-01 NA 1.8E-06 1.3E-06 

Total ILCR: 2.5E-05 

11% 2.7E-04 
3% 6.2E-05 
76% 1.8E-04 
0% 1.2E·05 
3% S.OE-06 
5% 1.3E-04 

100% Total HI: 0.2 

9.9E-03 

100.0% 

0.005 
0.12 
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~TI~clilt"-~ 
Scenario= Adult!~=-''-''-'~~=:~; •r:,_.-,~~ 

Medium/Exposure Inhalation of Fugitive Dusts from Soils 

CDI (mg/kg/d)= (Ca*RR*ET*EF*ED)/(BW*AT) 
Ca = C*(1/PEF) 
ILCR = CDI*CSFo 
HQ = CDI/RfDo 

Parameter 
CDI 
ILCR 
CSFi 
HO 
RfDi 
c 

Ca 
PEF 
RR 
ET 
EF 
ED 
BW 

AT-C 
A T-N 

NOTES: 
- Not applicable. 

NA- Toxicity criterion not available. 
% Contribution for this pathway only 

Units 
mg/kg/d 

NA 
1/(mg/kg/d) 

NA 
mg/kg/d 
mg/kg 
mg/m3 
m3/kg 
m3/hr 
hr/day 

days/year 
years 

kg 
days 
days 

Description 
Chronic daily intake 
Incremental lifetime cancer risk 
Inhalation cancer slope factor 
Hazard quotient 
Inhalation reference dose 
Concentration of chemical in soil 
Concentration of chemical in air 
Particulate emission factor 
Respiration Rate 
Exposure Time 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

Raw Materials Storage Area 

Value 
cs (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 
cs 

1.36E+09 
2.5 
8 

180 
1 

70 
25,550 

365 

1.5E-01 
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Scenario = Adult Resident 
Medium/Exposure Incidental Ingestion of Surface Soils 

CDI (mg/kg/d)= (C*IR*CF*FI*EF*ED)/(BW* AT) 
ILCR = CDI*CSFo 
HO = CDI/RIDo 

Parameter Units 
CDI mg/kg/d 
ILCR NA 
CSFo 1/(mg/kg/d) 
HQ NA 

RIDo mg/kg/d 
c mg/kg 

IR-S mg/day 
CF kg/mg 
Fl NA 
EF days/year 
ED years 
BW kg 

AT-C days 
A T-N days 

Parameter 
7429905 ~luttdnum~ :~:z0Qt10,if§)\'{:*~:;t~:t~,·,~~t~:t\~?i 

7440360 Antimony 
7440382 Arsenic 
18540299 Chromium (VI) 
7439896 Iron 
7439965 'M.a~Ma.oes~~?-~x:~ ~:~A~~ll~;f~;:~ 2'i~~:~Jlki2¥ 
7440622 Vanadium 
205992 BenzQ[b fluoranthene 
56553 Benzo[a anthracene 
50328 Benzo[a lpyrene 

207089 Benzork fluoranthene 
53703 Dibenz[ a,h]anthracene 
193395 lndeno(1 ,2,3-cd)!Jyrene 

NOTES. 
• Not applicable. 

NA ·Toxicity criterion not available. 
% Contribution for this pathway only 

Description 
Chronic daily intake 
Incremental lifetime cancer risk 
Oral cancer slope factor 
Hazard quotient 
Oral reference dose 
Concentration of chemical in soil 
Ingestion rate of soil 
Conversion factor 
Fraction of soil ingested from site 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

c CSFo 
(mg/kg) 1/Cmo/ko/dl 

.:*~~0l'vroz~~ MtNA~~~t~i~~t~~~ 
1.3 NA 

36.9 1.5E+00 
631 NA 

162000 • aa2tmoo: ;•.:x:c,;• 

391 NA 
300 7.3E-01 

68 7.3E-01 
200 7.3E+00 

13 7.3E-02 
8.8 7.3E+00 
140 7.3E-01 

Raw Materials Storage Area 

Value 
cs (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 
100 

1.00E-06 
1 

350 
30 
70 

25,550 
10,950 

Carcinogens I Noncarcinooens 
RIDo CDI % Contrib.l CDI % Contrib. Oral 

(mglkg/d) Cmo/ko/dl ILCR Total ILCRI (mg/kg/d) HQ HI Bioaccessibility 
a'OE'ii.oo.~Ji!I(1~0'W~ Ra'ta.E!OJall:'l\ ~'tlf.imJIT~W ~i%ilil~lf>it~:sercr21 ll~A-7-E!(J..a; 1% 

4.0E-04 7.6E-07 .. .. 1.8E-06 4.45E-03 0% 
3.0E-04 2.2E-05 3.2E-05 3% 5.1 E-05 1.68E·01 6% 
3.0E-03 3.7E-04 .. .. 8.6E·04 2.88E-01 10% 1 
3.0E-01 9.5E-02 -- 2.2E·01 7.40E·01 27% 

i'ii!~1\\~E~o2• - :t2Raei0~1 iift!~3~~0~ 52% 1 
' 

1.0E-03 2.3E-04 1.3E-04 1.31 ~-01 5% 0.245 
NA 1.8E-04 1.3E-04 11% 4.1E-04 .. .. 
NA 4.0E·05 2.9E·05 3% 9.3E-05 .. .. 
NA 1.2E·04 8.6E-04 75% 2.7E-04 .. .. 
NA 7.6E-06 5.6E-07 0% 1.8E-05 .. .. 
NA 5.2E-06 3.8E-05 3% 1.2E·05 .. .. 
NA 8.2E-05 6.0E·05 5% 1.9E-04 .. .. 

TotaiiLCR: 1.1E·03 100% Total HI: 2.8 100% 

1.45E+00 
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Scenario= Adult Resident 
MediurniExposure= Dermal Exposure to Surface Soils 

DAD (mg/kg/d)=(C*CF* AF* ABS*SA*EF*ED)/(BW* AT) 
ILCR = CDI*CSFd 
HQ = CDI/RIDd 

Parameter 
DAD 
ILCR 
CSFd 
HQ 

RIDd 
c 

CF 
AF 

ABS 
SA 
EF 
ED 
BW 

AT-C 
A T-N 

7429905 
7440360 
7440382 
18540299 

Parameter 

Units 
mg/kg/d 

NA 
1/(mg/kg/d) 

NA 
mglkg/d 
mg/kg 
kg/mg 

mg/cm2 
NA 

cm21day 
days/year 

years 
kg 

days 
days 

-- :~l~ml!l):u'ii\7on 
Antimony 

Arsenic 
Chromium (VI) 
Iron 

Description 
Dermally absorbed dose 
Incremental lifetime cancer risk 
Dermal cancer slope factor 
Hazard quotient 
Dermal reference dose 
Concentration of chemical in soil 
Conversion factor 
Soil to skin adherence factor 
Absorption fraction 
Skin surface area available for contact 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

1.31 O.D1 I NA 
36.91 0.03 I 1.5E+00 
6311 O.D1 I NA 

1620001 0.01 NA 7439896 
7439965 W~ttglfilfS:'SB-\i\ili~i'c~~~-)l;)~j-:;jf§Q~W,~J.:s9ztr,,, 
7440622 Vanadium I 3911 0.01 
205992 Benzofblfluoranthene I 3001 0.13 
56553 Benzofalanthracene I 681 0.13 
50328 Benzofa]pyrene I 2001 0.13 
207089 Benzofklfluoranthene I 131 0.13 
53703 Dibenzfa,h]anthracene I 8.81 0.13 
193395 lndeno(1,2,3-cd)pyrene I 1401 0.13 

NOTES: 
- Not applicable. 

NA- Toxicity criterion not available. 
% Contribution for this pathway only 
Antimony RIDo adjusted by 15% 
Chromium RID adjusted by 2.5% 
Managanse RID adjusted by 4% 
Vanadium RID adjusted by 2.6% 

NA 
7.3E-01 
7.3E-01 
7.3E+00 
7.3E-02 
7.3E+00 
7.3E-01 

Value 
CS (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 

1.00E-06 
O.Q7 
cs 

5,700 
350 
30 
70 

25,550 
10,950 

6.0E-05 I 3.0E-08 
3.0E-04 2.6E-06 

Carcinogens 

ILCR 

3.9E-06 

Raw Materials Storage Area 

Noncarcinogens 

7.1 E-08 I 1.2E-03 I 0.7% 
1% I 6.1E-06 I 2.0E-02 I 12.7% 

7.5E-05 I 1.5E-05 I -- I -- I 1.1 E-07 I 1.4E-03 I 0.9% I 0.0031 
18.6% 

0.005 
2.6E-05 I 9.2E-06 I -- I -- I 2.6E-06 I 9.9E-02 I 62.2% I 0.12 

NA I 9.1E-05 I 6.7E-05 I 11% I 2.1E-04 
NA I 2.1 E-05 I 1.5E-05 I 3% I 4.8E-05 
NA I 6.1 E-05 I 4.4E-04 I 76% I 1.4E-04 
NA I 4.0E-06 I 2.9E-07 I 0% I 9.2E-06 
NA I 2.7E-06 I 2.0E-05 I 3% I 6.3E-06 
NA I 4.3E-05 I 3.1 E-05 I 5% I 9.9E-05 

TotaiiLCR: 5.8E-04 100% 1 Total HI: 0.2 100.0% 

7.7E-03 
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Scenario = Adult Resident 
Medium/Exposure Inhalation of Fugitive Dusts from Soils 

CDI (mg/kg/d)= (Ca*RR*ET*EF*ED)/(BW*AT) 
Ca = C*(1/PEF) 
ILCR = CDI*CSFo 
HQ = CDI/RfDo 

Parameter 
CDI 

ILCR 
CSFi 
HQ 
RfDi 
c 

Ca 
PEF 
RR 
ET 
EF 
ED 
BW 

AT-C 
A T-N 

NOTES: 
- Not applicable. 

NA- Toxicity criterion not available. 
% Contribution for this pathway only 

Units 
mg/kg/d 

NA 
1/(mg/kg/d) 

NA 
mg/kg/d 
mg/kg 
mg/m3 
m3/kg 
m3/hr 
hr/day 

days/year 
years· 

kg 
days 
days 

Description 
Chronic daily intake 
Incremental lifetime cancer risk 
Inhalation cancer slope factor 
Hazard quotient 
Inhalation reference dose 
Concentration of chemical in soil 
Concentration of chemical in air 
Particulate emission factor 
Respiration Rate 
Exposure Time 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

Raw Materials Storage 

Value 
cs (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 
cs 

1.36E+09 
0.833 

7 
350 
30 
70 

25,550 
10,950 

8.6E-02 
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Scenario = Child Resident 
Medium/Exposure Incidental Ingestion of Surface Soils 

CDI (mg/kg/d)= (C*IR*CF*FI*EF*ED)/(BW*AT) 
ILCR = CDI*CSFo 
HQ = CDI/RfDo 

Parameter Units 
CDI mg/kg/d 
ILCR NA 
CSFo 1/(mg/kg/d) 
HQ NA 

RfDo mg/kg/d 
c mg/kg 

IR-S mg/day 
CF kg/mg 
Fl NA 
EF days/year 
ED years 
BW kg 

AT-C days 
A T-N days 

Description Value 
Chronic daily intake cs (Chemical Specific) 
Incremental lifetime cancer risk cs 
Oral cancer slope factor cs 
Hazard quotient cs 
Oral reference dose cs 
Concentration of chemical in soil cs 
Ingestion rate of soil 200 
Conversion factor 1.00E-06 
Fraction of soil ingested from site 1 
Exposure frequency 350 
Exposure duration 6 
Body weight 15 
Averaging time, carcinogens 25,550 
Averaging time, noncarcinogens 2,190 

Carcinogens 

Parameter ILCR 
7429905 
7440360 Antimony I 1.31 NA I 4.0E-04 I 1.4E-06 
7440382 
18540299 
7439896 
7439965 
7440622 
205992 
56553 
50328 

207089 
53703 

Arsenic 
Chromium (VI) 
Iron 
Maoaane,s.e::: .·. ··".'" 
Vanadium 
Benzo b fluoranthene 
Benzo a anthracene 
Benzo alpyrene 
Benzo k fluoranthene 
Diben z a,h]anthracene 

193395 lndeno(1.2,3-cd)J:>yrene 

NOTES: 
- Not applicable. 

NA- Toxicity criterion not available. 
% Contribution for this pathway only 

"',o 

36.9 1.5E+00 3.0E-04 I 4.0E-05 I 6.1 E-05 
631 NA 3.0E-03 6.9E-04 

162000 NA 
:.. 20900. NA. . :;.1\S.-I?~~~~~~~'·<.;:«:c•• ";"l:c·,;j:~;~1, .. 

391 NA 1.0E-03 4.3E-04 
300 7.3E-01 NA 3.3E-04 2.4E-04 
68 7.3E-01 NA 7.5E-05 5.4E-05 

200 7.3E+00 NA 2.2E·04 1.6E-03 
13 7.3E-02 NA 1.4E-05 1.0E-06 

8.8 7.3E+00 NA 9.6E-06 7.0E-05 
140 7.3E-01 NA 1.5E·04 1.1E-04 

TotaiiLCR: 2.1E·03 

Raw Materials Storage Area 

Noncarcincm_ens 
% Contrib. 

TotaiiLCR:b*,!~~~,.,;:,;:;,=+=,~~d 

3% 

11% 
3% 

75% 
0% 
3% 
5% 

1.7E-05 I 4.16E-02I 0% 
4.7E-04 I1.57E+00 
8.1 E-03 I 2.69E+00 
2.1E+00 

·. · ,J: e.:ze~on·. 

6% 
10% 

1.2E-03 I 1.22E+00 I 5% 
3.8E-03 
8.7E-04 
2.6E-03 
1.7E-04 
1.1E-04 
1.8E-03 

100% Total HI: 25.9 100% 

1.35E+01 
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Scenario= Child Resident 
Medium/Exposure= Dermal Exposure to Surface Soils 

DAD (mg/kg/d)=(C*CF* AF* ABS*SA*EF*ED)/(BW* AT) 
ILCR = CDI*CSFd 
HO = CDI/RIDd 

Parameter 
DAD 
ILCR 
CSFd 

HQ 
RIDd 
c 

CF 
AF 

ABS 
SA 
EF 
ED 
BW 

AT-C 
A T-N 

Units 
mg/kg/d 

NA 
1/(mg/kg/d) 

NA 
mg/kg/d 
mglkg 
kg/mg 

mg/cm2 
NA 

cm21day 
days/year 

years 
kg 

days 
days 

Description 
Dermally absorbed dose 
Incremental lifetime cancer risk 
Dermal cancer slope factor 
Hazard quotient 
Dermal reference dose 
Concentration of chemical in soil 
Conversion factor 
Soli to skin adherence factor 
Absorption fraction 
Skin surface area available for contact 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

Value 
CS (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 

1.00E-06 
0.20 
cs 

2,800 
350 

6 
15 

25,550 
2,190 

Raw Materials Storage Area 

Carcinogens I Noncarcinogens 

Parameter 
c 

(mg/kg) ABS 
CSFd I RIDd I DAD I 1% Contrib.l DAD I 1% Contrib.,Dermal I 

1/(mg/kg/d) (mg/kg/d) (mg/kg/d) ILCR TotaiiLCR (mg/kg/d) HQ HI Bioaccessil 
7429905 ~lumi!:l!l!'it~2i;.~;:~:·r.~s;~;B:'J:til~\1ll~IOltt0;1R:Oi0.1t;;:n>;t·sNA~£•IilittJ>j;;oem~ro-~'X~.,~.mlll'st,aaoJII1Bsll!~rtil!:~lil!~~~l?II3I$~o3*ll~ia~aSIJ o.4% 
7440360 Antimol'ly_ I 1.31 0.01 I NA I 6.0E-05 I 4.0E-08 I -- I -- I 4.7E-07 I 7.8E-03 I 0.7% 
7440382 Arsenic 36.91 0.03 
18540299 Chromium (VI) 6311 0.01 
7439896 Iron 1620001 O.Q1 
7439965 ===~""'--'----'-'-"":;~r~I~lQll~~a;ol~'0 
7440622 Vanadium I 3911 0.01 
205992 Benzo[blfluoranthene I 3001 0.13 
56553 Benzo[a]anthracene I 681 0.13 
50328 BenzCl@]Qyrene I 2001 0.13 
207089 Benz(l[k]fluoranthene I 131 0.13 
53703 Dibenz[a,h]anthracene I 8.81 0.13 
193395 lndeno(1,2,3-cd)pyrene I 1401 0.13 

NOTES: 
- Not applicable. 

NA- Toxicity criterion not available. 
% Contribution for this pathway only 
Antimony RfDo adjusted by 15% 
Chromium RID adjusted by 2.5% 
Managanse RID adjusted by 4% 
Vanadium RID adjusted by 2.6% 

1.5E+00 3.0E-04 3.4E-06 5.1E-06 
NA 7.5E-05 1.9E-05 --
NA 3.0E-01 5.0E-03 --

?:\~2:NA}~)~;~i);t1%-~%#~ ~~oe464~i;;:n;t:\' t16tt4r=g~~ 
NA 2.6E-05 1.2E-05 --

7.3E-01 NA 1.2E-04 8.7E-05 
7.3E-01 NA 2.7E-05 2.0E-05 
7.3E+00 NA 8.0E-05 5.8E-04 
7.3E-02 NA 5.2E-06 3.8E-07 
7.3E+00 NA 3.5E-06 2.6E-05 
7.3E-01 NA 5.6E-05 4.1E-05 

Total ILCR 7.6E-04 

1% 4.0E-05 1.3E-01 12.7% 

I -- 7.0E-07 9.3E-03 0.9% I 
I -- 5.8E-Q2 1.9E-01 18.6% 

•. , .• ;:::,~:~#:! il%S'&~'T$'.ili 1~£1't!fa1' 4.5% 1 
-- 1.7E-05 6.5E-01 62.2% l 

11% 1.4E-03 
3% 3.2E-04 

76% 9.3E-04 
0% 6.1E-05 
3% 4.1E-05 
5% 6.5E-04 

100% Total HI: 1.0 100.0% 

5.1E-02 

0.0031 

0.005 
0.12 
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Scenario = Child Resident 
Medium/Exposure Inhalation of Fugitive Dusts from Soils 

CDI (mg/kg/d)= (Ca*RR*ET*EF*ED)/(BW*AT) 
Ca = C*(1/PEF) 
ILCR = CDI*CSFo 
HO = CDI/RfDo 

Parameter 
CDI 
ILCR 
CSFi 
HQ 
RfDi 
c 

Ca 
PEF 
RR 
ET 
EF 
ED 
BW 

AT-C 
A T-N 

NOTES: 
- Not applicable. 

NA- Toxicity criterion not available. 
% Contribution for this pathway only 

Units 
mg/kg/d 

NA 
1/(mg/kg/d) 

NA 
mg/kg/d 
mg/kg 
mg/m3 
m3/kg 
m3/hr 
hr/day 

days/year 
years 

kg 
days 
days 

Description 
Chronic daily intake 
Incremental lifetime cancer risk 
Inhalation cancer slope factor 
Hazard quotient 
Inhalation reference dose 
Concentration of chemical in soil 
Concentration of chemical in air 
Particulate emission factor 
Respiration Rate 
Exposure Time 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

Raw Materials Storage Area 

Value 
cs (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 
cs 

1.36E+09 
0.5 
7 

350 
9 

70 
25,550 
3,285 

5.2E-02 
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SINTER PLANT ORE YARD 
Surface Soil ICR HI HI HI 
Adult Resident no target orgs CNS other effects 

Ingestion 1.9E-04 2.60 1.41 1.18 
Dermal Contact 8.8E-05 0.09 0.01 0.09 
Inhalation 2.1 E-07 0.08 0.08 0.00 
Total 2.7E-04 2.78 1.51 1.27 

Child Resident 
Ingestion 3.5E-04 24.23 13.19 11.05 
Dermal Contact 1.1E-04 0.62 0.05 0.57 
Inhalation 3.7E-08 0.05 0.05 0.00 
Total 4.6E-04 24.91 13.29 11.62 

Adult Industrial Worker 
Ingestion 5.5E-05 0.93 0.50 0.42 
Dermal Contact 8.6E-05 0.11 0.01 0.10 
Inhalation 1.7E-07 0.08 0.08 0.00 
Total 1.4E-04 1.12 0.60 0.53 

Adult Construction Worker 
Ingestion 2.0E-06 0.85 0.47 0.39 
Dermal Contact 3.7E-06 0.12 0.01 0.11 
Inhalation 1.2E-08 0.15 0.15 0.00 
Total 5.nE-06 1.13 0.62 0.50 



Scenario = Adult Industrial Worker 
Medium/Exposure Incidental Ingestion of Surface Soils 

CDI (mg/kg/d)= (C*IR*CF*FI*EF*ED)/(BW*AT) 
ILCR = CDI*CSFo 
HQ = CDI/RfDo 

Parameter Units 
CDI mg/kg/d 
ILCR NA 
CSFo 1/(mg/kg/d) 
HQ NA 

RfDo mg/kg/d 
c mg/kg 

IR-S mg/day 
CF kg/mg 
Fl NA 
EF days/year 
ED years 
BW kg 

AT-C days 
A T-N days 

Parameter 
7429905 Aluminum 
7440382 Arsenic 
18540299 Chromium (VI) 
7439896 Iron 
7439965 Manganese 
7440622 Vanadium 
205992 Benzo(b]fluoranthene 
56553 Benzo(a)anthracene 
50328 Benzo[a]pyrene 
53703 Dibenz[ a,h ]anthracene 
193395 lndeno(1,2,3-cd)pyrene 

NOTES: 
- Not applicable. 

NA- Toxicity criterion not available. 
% Contribution for this pathway only 

A-Sinter Plant Ore Surface Soil Risk Calculations.xls (lnd-lng) 

.• 

Description 
Chronic daily intake 
Incremental lifetime cancer risk 
Oral cancer slope factor 
Hazard quotient 
Oral reference dose 
Concentration of chemical in soil 
Ingestion rate of soil 
Conversion factor 
Fraction of soil ingested from site 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

c CSFo 
(mg/kg) 1/(mgtkgtd) 

11500 NA 
23.5 1.5E+00 
191 NA 

206000 NA 
20400 NA 

144 NA 
16 7.3E-01 

8.6 7.3E-01 
13 7.3E+00 
22 7.3E+00 

8.9 7.3E-01 

• 

Sinter Plant Ore Yard 

Value 
cs (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 
50 

1.00E-06 
1 

250 
25 
70 

25,550 
9,125 

Carcinogens Noncarcinogens 
RfDo CDI % Contrib. CDI % Contrib. Oral 

(mglkg/d) (mg/kg/d) ILCR TotaiiLCR (mg/kg/d) HQ HI Bioaccessi 
1.0E+00 2.0E-03 .. .. 5.6E·03 5.63E-03 1% 
3.0E-04 4.1E-06 6.2E-06 11% 1.1E-05 3.83E-02 4% 
3.0E-03 3.3E-05 -- .. 9.3E-05 3.11E-02 3% 1 
3.0E-01 3.6E-02 .. -- 1.0E-01 3.36E-01 36% 
2.0E-02 3.6E-03 .. .. 1.0E-02 4.99E-01 54% 1 
1.0E-03 2.5E-05 -- -- 1.7E-05 1.73E-02 2% 0.245 

NA 2.8E-06 2.0E-06 4% 7.8E-06 -- --
NA 1.5E-06 1.1E-06 2% 4.2E-06 -- --
NA 2.3E-06 1.7E-05 30% 6.4E-06 -- --
NA 3.8E-06 2.8E-05 51% 1.1E-05 -- --
NA 1.6E-06 1.1E-06 2% 4.4E-06 -- --

TotaiiLCR: 5.5E-05 100% Total HI: 0.9 100% 

5.05E-01 
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Scenario= Adult Industrial Worker 
Medium/Exposure= Dermal Exposure to Surface Soils 

DAD (mg/kg/d)=(C·cF• AF• ASS.SNEPED)/(SW• AT) 
ILCR = CDI.CSFd 
HQ = CDI/RfDd 

Parameter Units 
DAD mg/kg/d 
ILCR NA 
CSFd 1/(mg/kg/d) 
HQ NA 

RfDd mg!kg/d 
c mg/kg 

CF kg/mg 
AF mg/cm2 

ASS NA 
SA cm2/day 
EF days/year 
ED years 
SW kg 

AT-C days 
A T-N days 

Parameter 
7429905 Aluminum 
7440382 Arsenic 
18540299 Chromium (VI) 
7439896 Iron 
7439965 Manganese 
7440622 Vanadium 
205992 Senzo[b]lluoranthene 
56553 Senzo[a]anthracene 
50328 Senzo[ a]pyrene 
53703 Dibenz a,h]anthracene 
193395 lndeno 1 ,2,3-cd)pyrene 

NOTES: 
- Not applicable. 

NA- Toxicity criterion not available. 
% Contribution for this pathway only 
Chromium RID adjusted by 2.5% 
Managanse RID adjusted by 4% 
Vanadium RID adjusted by 2.6% 

Description 
Dermally absorbed dose 
Incremental lifetime cancer risk 
Dermal cancer slope factor 
Hazard quotient 
Dermal reference dose 
Concentration of chemical in soil 
Conversion factor 
Soil to skin adherence factor 
Absorption fraction 
Skin surface area available for contact 
Exposure frequency 
Exposure duration 
Sodyweight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

c CSFd 
(mg/kg) ASS 1/(mg/kg/d) 

11500 0.01 NA 
23.5 0.03 1.5E+00 
191 0.01 NA 

206000 0.01 NA 
20400 0.01 NA 

144 O.Q1 NA 
16 0.13 7.3E-01 

8.6 0.13 7.3E-01 
13 0.13 7.3E+00 
22 0.13 7.3E+00 

8.9 0.13 7.3E-01 

A-Sinter Plant Ore Surface Soil Risk Calculations.xls (lnd-Derm) 

Sinter Plant Ore Yard 

Value 
cs (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 

1.00E-06 
0.20 
cs 

3,300 
250 
25 
70 

25,550 
9,125 

Carcinogens Non carcinogens 
RIDd DAD % Contrib. DAD % Contrib. Dermal 

(mg!kg/d) (mg/kg/d) ILCR TotaiiLCR (mg/kg/d) HQ HI Sioaccessi 
1.0E+00 2.7E-04 -- -- 7.4E-04 7.4E-04 0.7% 
3.0E-04 1.6E-06 2.4E-06 3% 4.6E-06 1.5E-02 13.6% 
7.5E-05 4.4E-06 -- -- 3.8E-08 5.1E-04 0.5% 0.0031 
3.0E-01 4.8E-03 -- -- 1.3E-02 4.4E-02 39.6% 
S.OE-04 4.7E-04 -- -- 6.6E-06 8.2E-03 7.4% 0.005 
2.6E-05 3.3E-06 -- -- 1.1E-06 4.3E-02 38.3% 0.12 

NA 4.8E-06 3.5E-06 4% 1.3E-05 -- --
NA 2.6E-06 1.9E-06 2% 7.2E-06 -- --
NA 3.9E-06 2.8E-05 33% 1.1E-05 -- --
NA 6.6E-06 4.8E-05 56% 1.8E-05 -- --
NA 2.7E-06 1.9E-06 2% 7.5E-06 -- --

TotaiiLCR: 8.6E-05 100% Total HI: 0.1 100.0% 

9.0E-03 
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Scenario= Adult Industrial Worker 
Medium/Exposure Inhalation of Fugitive Dusts from Soils 

CDI (mg/kg/d)= (Ca*RR*ET*EF*ED)/(BW*AT) 
Ca = C*(1/PEF) 
ILCR = CDI*CSFo 
HQ = CDI!RfDo 

Parameter Units 
CDI mg/kg/d 
ILCR NA 
CSFi 1/(mg/kg/d) 
HQ NA 
RfDi mg/kg/d 
c mg/kg 

Ca mg/m3 
PEF m3/kg 
RR m3/hr 
ET hr/day 
EF days/year 
ED years 
BW kg 

AT-C days 
A T-N days 

Description 
Chronic daily intake 
Incremental lifetime cancer risk 
Inhalation ca.ncer slope factor 
Hazard quotient 
Inhalation reference dose 
Concentration of chemical in soil 
Concentration of chemical in air 
Particulate emission factor 
Respiration Rate 
Exposure Time 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

Sinter Plant Ore Yard 

Value 
cs (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 
cs 

1.36E+09 
1 
8 

250 
25 
70 

25,550 
9,125 

Carcinogens Noncarcinogens 
C Ca CSFi RfDi CDI % Contrib. CDI % Contrib. 

Parameter (mg/kg) mg/m3 1/(mg/kg/d (mg/kg/d) (mg/kg/d) ILCR TotaiiLCR (mg/kg/d) HQ HI 
7429905 Aluminum 11500 8.46E-06 NA 1.00E-03 2.4E-07 -- -- 6.6E-07 6.6E-04 1% 
7440382 Arsenic 23.5 1.73E-08 1.51E+01 NA 4.8E-10 7.3E-09 4% 1.4E-09 -- --
18540299 Chromium (VI) 191 1.40E-07 4.10E+01 3.00E-05 3.9E-09 1.6E-07 95% 1.1E-08 3.7E-04 0% 
7439896 Iron 206000 1.51 E-04 NA NA 4.2E-06 -- -- 1.2E-05 -- --
7 439965 Manganese 20400 1.50E-05 NA 1.43E-05 4.2E-07 -- -- 1.2E-06 8.2E-02 99% 
7440622 Vanadium 144 1.06E-07 NA NA 3.0E-09 -- -- 8.3E-09 -- --
205992 Benzo[b]fluoranthene 16 1.18E-08 NA NA 3.3E-10 -- -- 9.2E-10 -- --
56553 Benzo[a]anthracene 8.6 6.32E-09 NA NA 1.8E-10 -- -- 4.9E-10 -- --
50328 Benz()[a]pyrene 13 9.56E-09 3.10E+00 NA 2.7E-10 8.3E-10 0% 7.5E-10 -- --
53703 Dibenzia,h]anthracene 22 1.62E-08 NA NA 4.5E-1 0 -- -- 1.3E-09 -- --
193395 lndeno(1,2,3-cd)pyrene 8.9 6.54E-09 NA NA 1.8E-10 -- -- 5.1E-10 -- --

TotaiiLCR: 1.7E-07 100% Total HI: 0.1 100% 
NOTES: 

- Not applicable. 
NA- Toxicity criterion not available. 

% Contribution for this pathway only 

A-Sinter Plant Ore Surface Soil Risk Calculations.xls (lnd-lnh) 

8.3E-02 
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Scenario= Adult Construction Worker Sinter Plant Ore Yard 
Medium/Exposure Incidental Ingestion of Surface Soils 

CDI (mg/kg/d)= (C*IR*CF*FI*EF*ED)/(BW*AT) 
ILCR = CDI*CSFo 
HQ = CDI/RIDo 

Parameter Units Description Value 
CDI mg/kg/d Chronic daily intake cs (Chemical Specific) 
ILCR NA Incremental lifetime cancer risk cs 
CSFo 1/(mg/kg/d) Oral cancer slope factor cs 
HQ NA Hazard quotient cs 

RIDo mg/kg/d Oral reference dose cs 
c mg/kg Concentration of chemical in soil cs 

IR-S mg/day Ingestion rate of soil 64 
CF kg/mg Conversion factor 1.00E-06 
Fl NA Fraction of soil ingested from site 1 
EF days/year Exposure frequency 180 
ED years Exposure duration 1 
BW kg Body weight 70 

AT-C days Averaging time, carcinogens 25,550 
A T-N days Averaging time, noncarcinogens 365 

Carcinogens Noncarcinogens 
C CSFo RfDo CDI % Contrib. CDI % Contrib. Oral _I 

Parameter (mg/kg) 1/(mg/kg/d) (mg/kg/d) (mg/kg/d) ILCR TotaiiLCR (mg/kg/d) HQ HI Bioaccessi 
7429905 Aluminum 11500 NA 1.0E+00 7.4E-05 -- -- 5.2E-03 5.19E-03 1% I 

. 7440382 Arsenic 23.5 1.5E+OO 3.0E-04 1.5E-07 2.3E-07 11% 1.1E-05 3.53E-02 4% I 

18540299 Chromium (VI) 191 NA 3.0E-03 1.2E-06 -- -- 8.6E-05 2.87E-02 3% 1' 
7439896 Iron 206000 NA 3.0E-01 1.3E-03 -- -- 9.3E-02 3.10E-01 36% I 

7439965 Manganese 20400 NA 2.0E-02 1.3E-04 -- -- 9.2E-03 4.60E-01 54% 11 
7440622 Vanadium 144 NA 1.0E-03 9.3E-07 -- -- 1.6E-05 1.59E-02 2% 0.245 
205992 Benzo[b]fluoranthene 16 7.3E-01 NA 1.0E-07 7.5E-08 4% 7.2E-06 -- --
56553 Benzo[a]anthracene 8.6 7.3E-01 NA 5.5E-08 4.0E-08 2% 3.9E-06 -- -- ! 

50328 Benzo[a]pyrene 13 7.3E+00 NA 8.4E-08 6.1E-07 30% 5.9E-06 -- --
53703 Dibenz[a,h]anthracene 22 7.3E+00 NA 1.4E-07 1.0E-06 51% 9.9E-06 -- --
193395 lndeno(1,2,3-cd)pyrene 8.9 7.3E-01 NA 5.7E-08 4.2E-08 2% 4.0E-06 -- --

TotaiiLCR: 2.0E-06 100% Total HI: 0.9 100% 
NOTES: 

- Not applicable. 4.65E-01 
NA- Toxicity criterion not available. 

% Contribution for this pathway only 

A-Sinter Plant Ore Surface Soil Risk Calculations. xis (Cons-lng) 

6.24E-01 
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Scenario= Adult Construction Worker 
Medium/Exposure= Dermal Exposure to Surface Soils 

DAD (mg/kg/d)=(C'CF' AF' ABS'SA'EF'ED)/(BW' AT) 
ILCR = CDI'CSFd 
HQ= CDI/RfDd 

Parameter Units 
DAD mg/kg/d 
ILCR NA 
CSFd 1/(mg/kg/d) 
HQ NA 

RfDd mg/kg/d 
c mg/kg 

CF kg/mg 
AF mg/cm2 

ABS NA 
SA cm2/day 
EF days/year 
ED years 
BW kg 

AT-C days 
A T-N days 

Parameter 
7429905 Aluminum 
7440382 Arsenic 
18540299 Chromium (VI) 
7439896 Iron 
7439965 Manganese 
7440622 Vanadium 
205992 Benzo[b)fluoranthene 
56553 Benzo[a]anthracene 
50328 Benzo[a)pyrene 
53703 Dibenz[a,h)anthracene 
193395 lndeno(1 ,2,3-cd)pyrene 

NOTES: 
- Not applicable. 

NA- Toxicity criterion not available. 
% Contribution for this pathway only 
Chromium RID adjusted by 2.5% 
Managanse RID adjusted by 4% 
Vanadium RID adjusted by 2.6% 

Description 
Dermally absorbed dose 
Incremental lifetime cancer risk 
Dermal cancer slope factor 
Hazard quotient 
Dermal reference dose 
Concentration of chemical in soil 
Conversion factor 
Soil to skin adherence factor 
Absorption fraction 
Skin surface area available for contact 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

c CSFd 
(mg/kol ABS 1/(mo/ko/dl 

11500 0.01 NA 
23.5 0.03 1.5E+00 
191 0.01 NA 

206000 0.01 NA 
20400 0.01 NA 

144 0.01 NA 
16 0.13 7.3E-01 

8.6 0.13 7.3E-01 
13 0.13 7.3E+00 
22 0.13 7.3E+00 

8.9 0.13 7.3E-01 

A-Sinter Plant Ore Surface Soil Risk Calculations. xis (Cons-Derm) 

Sinter Plant Ore Yard 

Value 
cs (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 

1.00E-06 
0.30 
cs 

3,300 
180 

1 
70 

25,550 
365 

Carcinogens Noncarcinogens 
RfDd DAD % Contrib. DAD % Contrib. Dermal 

(mofkg/d) (mg/kg/d) ILCR TotaiiLCR I (mg/kg/d) HQ HI Bioaccessi 
1.0E+00 1.1 E-05 -- -- 8.0E-04 8.0E-04 0.7% 
3.0E-04 7.0E-08 1.1E-07 3% 4.9E-06 1.6E-02 13.6% 
7.5E-05 1.9E-07 -- -- 4.1E-08 5.5E-04 0.5% 0.0031 
3.0E-01 2.1E-04 -- -- 1.4E-02 4.8E-02 39.6% 
8.0E-04 2.0E-05 -- -- 7.1E-06 6.9E-03 7.4% 0.005 
2.6E-05 1.4E-07 -- -- 1.2E-06 4.6E-02 38.3% 0.12 

NA 2.1E-07 1.5E-07 4% 1.5E-05 -- --
NA 1.1E-07 8.1E-08 2% 7.8E-06 -- --
NA 1.7E-07 1.2E-06 33% 1.2E-05 -- --
NA 2.8E-07 2.1E-06 56% 2.0E-05 -- --
NA 1.2E-07 8.4E-08 2% 8.1E-06 -- --

TotaiiLCR: 3.7E-06 100% Total HI: 0.1 100.0% 

9.7E-03 
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Scenario = Adult Construction Worker 
Medium/Exposure Inhalation of Fugitive Dusts from Soils 

COl (mg/kg/d)= (Ca*RR*ET*EF*ED)/(BW*AT) 
Ca = C*(1/PEF) 
ILCR = CDI*CSFo 
HQ = CDI/RfDo 

Parameter Units 
COl mg/kg/d 
ILCR NA 
CSFi 1/(mg/kg/d) 
HQ NA 
RfDi mg/kg/d 
c mg/kg 

Ca mg/m3 
PEF m3/kg 
RR m3/hr 
ET hr/day 
EF days/year 
ED years 
BW kg 

AT-C days 
A T-N days 

Parameter 
7429905 Aluminum 
7440382 Arsenic 
18540299 Chromium (VI) 
7439896 Iron 
7439965 Manganese 
7440622 Vanadium 
205992 Benzo[b]fluoranthene 
56553 Benzo[a]anthracene 
50328 Benzo[a]pyrene 
53703 Dibenz[ a, h]anthracene 
193395 lndeno(1,2,3-cd)pyrene 

NOTES: 
- Not applicable. 

NA -Toxicity criterion not available. 
% Contribution for this pathway only 

Description 
Chronic daily intake 
Incremental lifetime cancer risk 
Inhalation cancer slope factor 
Hazard quotient 
Inhalation reference dose 
Concentration of chemical in soil 
Concentration of chemical in air 
Particulate emission factor 
Respiration Rate 
Exposure Time 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

c Ca CSFi 
(mg/kg) mg/m3 1/(mg/kg/d 

11500 8.46E-06 NA 
23.5 1.73E-08 1.51 E+01 
191 1.40E-07 4.10E+01 

206000 1.51E-04 NA 
20400 1.50E-05 NA 

144 1.06E-07 NA 
16 1.18E-08 NA 

8.6 6.32E-09 NA 
13 9.56E-09 3.10E+00 
22 1.62E-08 NA 
8.9 6.54E-09 NA 

A-Sinter Plant Ore Surface Soil Risk Calculations.xls (Cons-lnh) 

Sinter Plant Ore Yard 

Value 
cs (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 
cs 

1.36E+09 
2.5 
8 

180 
1 

70 
25,550 

365 

Carcinogens Noncarcinogens 
RfDi CDI % Contrib. COl % Contrib. 

(mg/ka/df (ma/ka/d) ILCR TotaiiLCR (mg/kg/d) HQ HI 
1.00E-03 1.7E-08 -- -- 1.2E-06 1.2E-03 1% 

NA 3.5E-11 5.3E-10 4% 2.4E-09 -- --
3.00E-05 2.8E-10 1.2E-08 95% 2.0E-08 6.6E-04 0% 

NA 3.0E-07 -- -- 2.1E-05 -- --
1.43E-05 3.0E-08 -- -- 2.1E-06 1.5E-01 99% 

NA 2.1 E-10 -- -- 1.5E-08 -- --
NA 2.4E-11 -- -- 1.7E-09 -- --
NA 1.3E-11 -- -- 8.9E-10 -- --
NA 1.9E-11 6.0E-11 0% 1.3E-09 -- --
NA 3.3E-11 -- -- 2.3E-09 -- --
NA 1.3E-11 -- -- 9.2E-10 -- --

TotaiiLCR: 1.2E-08 100% Total HI: 0.15 100% 

1.5E-01 
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Scenario= Adult Resident 
Medium/Exposure Incidental Ingestion of Surface Soils 

CDI (mg/kg/d)= (C.IR*CF.FI.EF.ED)/(BW• AT) 
ILCR = CDI.CSFo 
HQ = CDI/RfDo 

Parameter Units 
CDI mg/kg/d 
ILCR NA 
CSFo 1/(mg/kg/d) 
HQ NA 

RfDo mg/kg/d 
c mg/kg 

IR-S mg/day 
CF kg/mg 
Fl NA 
EF days/year 
ED years 
BW kg 

AT-C days 
A T-N days 

Parameter 
7429905 Aluminum 
7440382 Arsenic 
18540299 Chromium (VI) 
7439896 Iron 
7439965 Manganese 
7440622 Vanadium 
205992 Benzo b)fluoranthene 
56553 Benzo[a]anthracene 
50328 Benzo[ a)pyrene 
53703 Dibenz a,h)anthracene 
193395 lndeno 1 ,2,3-cd)pyrene 

NOTES: 
- Not applicable. 

NA- Toxicity criterion not available. 
o/o Contribution for this pathway only 

Description 
Chronic daily intake 
Incremental lifetime cancer risk 
Oral cancer slope factor 
Hazard quotient 
Oral reference dose 
Concentration of chemical in soil 
Ingestion rate of soil 
Conversion factor 
Fraction of soil ingested from site 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

c CSFo 
(mglkg) 1/(mg/kg/d) 

11500 NA 
23.5 1.5E+00 
191 NA 

206000 NA 
20400 NA 

144 NA 
16 7.3E-01 

8.6 7.3E-01 
13 7.3E+00 
22 7.3E+00 

8.9 7.3E-01 

A-Sinter Plant Ore Surface Soil Risk Calculations. xis (Res-A-Ing) 

Sinler Plant Ore Yard 

Value 
cs (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 
100 

1.00E-06 
1 

350 
30 
70 

25,550 
10,950 

Carcinogens Noncarcinogens 
RfDo CDI % Contrib. CDI % Contrib. Oral 1 

(mg/kg/d) (mg/kgld) ILCR TotaiiLCR (mglkgld) HQ HI Bioaccessibility 
1.0E+00 6.BE-03 -- -- 1.6E-02 1.58E-02 1% 
3.0E-04 1.4E-05 2.1E-05 11 o/o 3.2E-05 1.07E-01 4% ! 

3.0E-03 1.1 E-04 -- -- 2.6E-04 8.72E-02 3% 1 
3.0E-01 1.2E-01 -- -- 2.8E-01 9.41 E-01 36% 
2.0E-02 1.2E-02 -- -- 2.8E-02 1.40E+00 54% 1 
1.0E-03 B.5E-05 -- -- 4.8E-05 4.83E-02 2% 0.245 

NA 9.4E-06 6.9E-06 4% 2.2E-05 -- --
NA 5.0E-06 3.7E-06 2% 1.2E-05 -- --
NA 7.6E-06 5.6E-05 30% 1.8E-05 -- --
NA 1.3E-05 9.4E-05 51% 3.0E-05 -- --
NA 5.2E-06 3.8E-06 2% 1.2E-05 -- --

TotaiiLCR: 1.9E-04 100% Total HI: 2.6 100% 

1.41E+00 
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Scenario= Adult Resident 
Medium/Exposure= Dermal Exposure to Surface Soils 

DAD (mg/kg/d)=(C*CF* AF* ABS*SA*EF*ED)/(BW* AT) 
ILCR = CDI*CSFd 
HQ = CDI/RfDd 

Parameter 
DAD 
ILCR 
CSFd 

NOTES: 

HQ 
RfDd 
c 

CF 
AF 

ABS 
SA 
EF 
ED 
BW 

AT-C 
A T-N 

7429905 
7440382 
18540299 
7439896 
7439965 
7440622 
205992 
56553 
50328 
53703 
193395 

- Not applicable. 

Parameter 

Units 
mg/kg/d 

NA 
1/(mg/kg/d) 

NA 
mg/kg/d 
mg/kg 
kg/mg 

mg/cm2 
NA 

cm2/day 
days/year 

years 
kg 

days 
days 

Aluminum 
Arsenic 
Chromium {\.11) 
Iron 
Manganese 
Vanadium 
Benzofb]fluoranthene 
Benzofa]anthracene 
Benzo[a]pyrene 
Dibenz[a,hlanthracene 
lndeno(1 ,2,3-cd)pyrene 

NA ·Toxicity criterion not available. 
% Contribution for this pathway only 
Chromium RID adjusted by 2.5% 
Managanse RID adjusted by 4% 
Vanadium RID adjusted by 2.6% 

Descri(ltion 
Dermally absorbed dose 
Incremental lifetime cancer risk 
Dermal cancer slope factor 
Hazard quotient 
Dermal reference dose 
Concentration of chemical in soil 
Conversion factor 
Soil to skin adherence factor 
Absorption fraction 
Skin surface area available for contact 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

c CSFd 
(mg/kg) ABS 1/(mg/ko/dl 

11500 0.01 NA 
23.5 0.03 1.5E+00 
191 0,01 NA 

206000 0.01 NA 
20400 0.01 NA 

144 0.01 NA 
16 0.13 7.3E-01 

8.6 0.13 7.3E-01 
13 0.13 7.3E+00 
22 0.13 7.3E+00 
8.9 0.13 7.3E-01 

A-Sinter Plant Ore Surface Soil Risk Calculations.xls (Res-A-Derm) 

Sinter Plant Ore Yard 

Value 
cs (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 

1.00E-06 
0.07 
cs 

5,700 
350 
30 
70 

25,550 
10,950 

Carcinogens Noncarcinogens 
RfDd DAD 

(mg/kg/d) (mg/kg/dl ILCR 
% Contrib. DAD % ContribJDermal J 
TotaiiLCR (mg/kg/d) HQ HI Bioaccessil 

1.0E+00 2.7E·04 .. .. 6.3E-04 6.3E-04 0.7% 
3.0E-04 1.7E·06 2.5E-06 3% 3.9E·06 1.3E·02 13.6% 
7.5E-05 4.5E·06 -- -- 3.2E-08 4.3E-04 o.s% I 0.0031 
3.0E·01 4.8E-03 -- -- 1.1E-02 3.8E-02 39.6% 
8.0E·04 4.8E·04 -- .. 5.6E·06 7.0E-03 7.4% I o.oosl 
2.6E-05 3.4E-06 .. -- 9.4E·07 3.6E-02 38.3% 1 0.12J 

NA 4.9E-06 3.6E·06 4% 1.1E-05 .. --
NA 2.6E·06 1.9E-06 2% 6.1E-06 -- .. 
NA 4.0E·06 2.9E-05 33% 9.2E·06 -- .. 
NA 6.7E-06 4.9E-05 56% 1.6E-05 .. --
NA 2.7E-06 2.0E-06 2% 6.3E-06 -- .. 

TotaiiLCR: 8.8E-05 100% Total HI: 0.1 100.0% 

7.6E-03 
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Scenario= Adult Resident 
Medium/Exposure Inhalation of Fugitive Dusts from Soils 

CDI (mg/kg/d)= (Ca*RR*ET*EF*ED)/(BW*AT) 
Ca = C*(1/PEF) 
ILCR = CDI*CSFo 
HQ = CDI/RfDo 

Parameter Units 
CDI mg/kg/d 
ILCR NA 
CSFi 1/(mg/kg/d) 
HQ NA 
RfDi mg/kg/d 
c mg/kg 
Ca mg/m3 

PEF m3/kg 
RR m3/hr 
ET hr/day 
EF days/year 
ED years 
BW kg 

AT-C days 
A T-N days 

Parameter 
7429905 Aluminum 
7440382 Arsenic 
18540299 Chromium (VI) 
7439896 Iron 
7439965 Manganese 
7440622 Vanadium 
205992 Benzo[b ]fluoranthene 
56553 Benzo[a]anthracene 
50328 Benzo[ a ]pyrene 
53703 Dibenz[a,h]anthracene 
193395 lndeno(1,2,3-cd)pyrene 

NOTES: 
- Not applicable. 

NA- Toxicity criterion not available. 
% Contribution for this pathway only 

Description 
Chronic daily intake 
Incremental lifetime cancer risk 
Inhalation cancer slope factor 
Hazard quotient 
Inhalation reference dose 
Concentration of chemical in soil 
Concentration of chemical in air 
Particulate emission factor 
Respiration Rate 
Exposure Time 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

c Ca CSFi 
(mg/kg) mg/m3 1/(mg/kg/d 

11500 8.46E-06 NA 
23.5 1.73E-08 1.51 E+01 
191 1.40E-07 4.10E+01 

206000 1.51 E-04 NA 
20400 1.50E-05 NA 

144 1.06E-07 NA 
16 1.18E-08 NA 

8.6 6.32E-09 NA 
13 9.56E-09 3.10E+00 
22 1.62E-08 NA 
8.9 6.54E-09 NA 

A-Sinter Plant Ore Surface Soil Risk Calculations.xls (Res-A-Inh) 

Sinter Plant Ore Yard 

Value 
cs (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 
cs 

1.36E+09 
0.833 

7 
350 
30 
70 

25,550 
10,950 

Carcinogens Noncarcinogens 
RfDi CDI % Contrib. CDI % Contrib. 

(mg/kg/d) (mg/kg/d) ILCR TotaiiLCR (mg/kg/d) HQ HI 
1.00E-03 2.9E-07 -- -- 6.8E-07 6.8E-04 1% 

NA 5.9E-10 8.9E-09 4% 1.4E-09 -- --
3.00E-05 4.8E-09 2.0E-07 95% 1.1 E-08 3.7E-04 0% 

NA 5.2E-06 -- -- 1.2E-05 -- --
1.43E-05 5.1E-07 -- -- 1.2E-06 8.4E-02 99% 

NA 3.6E-09 -- -- 8.5E-09 -- --
NA 4.0E-10 -- -- 9.4E-10 -- --
NA 2.2E-10 -- -- 5.1E-10 -- --
NA 3.3E-10 1.0E-09 0% 7.6E-10 -- --
NA 5.5E-10 -- -- 1.3E-09 -- --
NA 2.2E-10 -- -- 5.2E-10 -- --

TotaiiLCR: 2.1E-07 100% Total HI: 0.1 100% 

8.4E-02 

Page1(1) 



Scenario= Child Resident 
Medium/Exposure Incidental Ingestion of Surface Soils 

CDI (mg/kg/d)= (C*IR*CF*FI*EF*ED)/(BW*AT) 
ILCR = CDI*CSFo 
HQ = CDI/RfDo 

Parameter Units 
CDI mg/kg/d 
ILCR NA 
CSFo 1/(mg/kg/d) 
HQ NA 

RfDo mg/kg/d 
c mg/kg 

IR-S mg/day 
CF kg/mg 
Fl NA 
EF days/year 
ED years 
BW kg 

AT-C days 
A T-N days 

Parameter 
7429905 Aluminum 

7440382 Arsenic 
18540299 Chromium (VI) 
7439896 Iron 

7439965 Manganese 
7440622 Vanadium 

205992 Benzo[b]fluoranthene 
56553 Benzo[a]anthracene 
50328 Benzo[ a]pyrene 
53703 Dibenz[a,h]anthracene 
193395 lndeno(1 ,2,3-cd)pyrene 

NOTES: 
- Not applicable. 

NA- Toxicity criterion not available. 
% Contribution for this pathway only 

Description 
Chronic daily intake 
Incremental lifetime cancer risk 
Oral cancer slope factor 
Hazard quotient 
Oral reference dose 
Concentration of chemical in soil 
Ingestion rate of soil 
Conversion factor 
Fraction of soil ingested from site 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

c CSFo 
(mg/kg) 1/(mg/kg/d) 

11500 NA 

23.5 1.5E+00 
191 NA 

206000 NA 

20400 NA 

144 NA 
16 7.3E-01 

8.6 7.3E-01 
13 7.3E+00 
22 7.3E+00 

8.9 7.3E-01 

A-Sinter Plant Ore Surface Soil Risk Calculations.xls (Res-Child-lng) 

Sinter Plant Ore Yard 

Value 
cs (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 
200 

1.00E-06 
1 

350 
6 

15 
25,550 
2,190 

Carcinogens Noncarcinooens 
RfDo CDI % Contrib. CDI % Contrib. ~.ral 'b'lit) (mg/kg/d) (mg/kg/d) ILCR TotaiiLCR (mg/kg/d) HQ HI IOacceSSI I II 

1.0E+00 1.3E-02 -- -- 1.5E-01 1.47E-01 1% 
3.0E-04 2.6E-05 3.9E-05 11% 3.0E-04 1.00E+00 4% 
3.0E-03 2.1E-04 -- -- 2.4E-03 8.14E-01 3% 1 
3.0E-01 2.3E-01 -- -- 2.6E+00 8.78E+00 36% 
2.0E-02 2.2E-02 -- -- 2.6E-01 1.30E+01 54% 1 
1.0E-03 1.6E-04 -- -- 4.5E-04 4.51E-01 2% 0.245 

NA 1.8E-05 1.3E-05 4% 2.0E-04 -- --
NA 9.4E-06 6.9E-06 2% 1.1E-04 -- --
NA 1.4E-05 1.0E-04 30% 1.7E-04 -- --
NA 2.4E-05 1.8E-04 51% 2.8E-04 -- --
NA 9.8E-06 7.1E-06 2% 1.1 E-04 -- --

TotaiiLCR: 3.5E-04 100% Total HI: 24.2 .. 100%_ 

1.32E+01 

Page 1 (1) 



Scenario= Child Resident 
Medium/Exposure= Dermal Exposure to Surface Soils 

DAD (mg/kg/d)=(C*CF*AF*ABS*SA*EF*ED)/(BW*AT) 
ILCR = CDI*CSFd 
HQ = CDI/RfDd 

Parameter Units 
DAD mg/kg/d 
ILCR NA 
CSFd 1/(mg/kg/d) 

HQ NA 
RfDd mg/kg/d 
c mg/kg 

CF kg/mg 
AF mg/cm2 

ABS NA 
SA cm21day 
EF days/year 
ED years 
BW kg 

AT-C days 
A T-N days 

Parameter 
7429905 Aluminum 
7440382 Arsenic 
18540299 Chromium _tV I) 
7439896 Iron 
7439965 Manganese 
7440622 Vanadium 
205992 Benzo[b ]fluoranthene 
56553 Benzo[a]anthracene 
50328 Benzo[alovrene 
53703 Dibenz[a,h]anthracene 
193395 lndeno( 1 ,2,3-cdlovrene 

NOTES: 
- Not applicable. 

NA- Toxicity criterion not available. 
% Contribution for this pathway only 
Chromium RID adjusted by 2.5% 
Managanse RfD adjusted by 4% 
Vanadium RID adjusted by 2.6% 

Description 
Dermally absorbed dose 
Incremental lifetime cancer risk 
Dermal cancer slope factor 
Hazard quotient 
Dermal reference dose 
Concentration of chemical in soil 
Conversion factor 
Soil to skin adherence factor 
Absorption fraction 
Skin surface area available for contact 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

c CSFd 
(mglkg) ABS 1/(mg/kg/d) 

11500 0.01 NA 
23.5 0.03 1.5E+00 
191 0.01 NA 

206000 0,01 NA 
20400 0.01 NA 

144 0,01 NA 
16 0.13 7.3E-01 

8.6 0.13 7.3E-01 
13 0.13 7.3E+00 
22 0.13 7.3E+00 

8.9 0.13 7.3E-01 

A-Sinter Plant Ore Surface Soil Risk Calculations.xls (Res-Child-Derm) 

Sinter Plant Ore Yard 

Value 
cs (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 

1.00E-06 
0.20 
cs 

2,800 
350 

6 
15 

25,550 
2,190 

Carcinogens NoncarcinQgens 
RfDd DAD % Contrib. DAD % Contrib. Dermal 

(maiko/d) l_m_g/kg/d) ILCR TotaiiLCR (m_g/159fd) HQ HI Bioaccessi 
1.0E+00 3.5E-04 -- -- 4.1E-03 4.1E-03 0.7% 
3.0E-04 2.2E-06 3.2E-06 3% 2.5E-05 8.4E-02 13.6% 
7.5E-05 5.9E-06 -- -- 2.1E-07 2.8E-03 0.5% 0.0031 
3.0E-01 6.3E-03 -- -- 7.4E-02 2.5E-01 39.6% 
8.0E-04 6.3E-04 -- -- 3.7E-05 4.6E-02 7.4% 0.005 
2.6E-05 4.4E-06 -- -- 6.2E-06 2.4E-01 38.3% 0.12 

NA 6.4E-06 4.7E-06 4% 7.4E-05 -- --
NA 3.4E-06 2.5E-06 2% 4.0E-05 -- --
NA 5.2E-06 3.8E-05 33% 6.1E-05 -- --
NA 8.8E-06 6.4E-05 56% 1.0E-04 -- --
NA 3.6E-06 2.6E-06 2% 4.1E-05 -- --

TotaiJLCR: 1.1E-04 100% Total HI: 0.6 100_._~ 

5.0E-02 
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Scenario = Child Resident 
Medium/Exposure Inhalation of Fugitive Dusts from Soils 

CDI (mg/kg/d)= (Ca*RR*ET*EF*ED)/(BW*AT) 
Ca = C*(1/PEF) 
ILCR = CDI*CSFo 
HQ = CDI/RfDo 

Parameter Units 
CDI mg/kg/d 

ILCR NA 
CSFi 1/(mg/kg/d) 
HQ NA 
RfDi mg/kg/d 
c mg/kg 

Ca mg/m3 
PEF m3/kg 
RR m3/hr 
ET hr/day 
EF days/year 
ED years 
BW kg 

AT-C days 
A T-N days 

Parameter 
7429905 Aluminum 
7440382 Arsenic 
18540299 Chromium (VI) 
7439896 Iron 
7439965 Manganese 
7440622 Vanadium 
205992 Benzo[b ]fluoranthene 
56553 Benzo[a]anthracene 
50328 Benzo[a]pyrene 
53703 Dibenz[ a, h ]anthracene 
193395 lndeno(1 ,2,3-cd)pyrene 

NOTES: 
- Not applicable. 

NA -Toxicity criterion not available. 
% Contribution for this pathway only 

Description 
Chronic daily intake 
Incremental lifetime cancer risk 
Inhalation cancer slope factor 
Hazard quotient 
Inhalation reference dose 
Concentration of chemical in soil 
Concentration of chemical in air 
Particulate emission factor 
Respiration Rate 
Exposure Time 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

c Ca CSFi 
(mg/kg}_ mg/m3 1/(mg/kg/d 

11500 8.46E-06 NA 
23.5 1.73E-08 1.51 E+01 
191 1.40E-07 4.10E+01 

206000 1.51 E-04 NA 
20400 1.50E-05 NA 

144 1.06E-07 NA 
16 1.18E-08 NA 

8.6 6.32E-09 NA 
13 9.56E-09 3.10E+00 
22 1.62E-08 NA 
8.9 6.54E-09 NA 

A-Sinter Plant Ore Surface Soil Risk Calculations.xls (Res-Child-lnh) 

Sinter Plant Ore Yard 

Value 
cs (Chemical Specific) 
cs 
cs 
cs 
cs 
cs 
cs 

1.36E+09 
0.5 
7 

350 
9 

70 
25,550 
3,285 

Carcinogens Noncarcinogens 
RfDi CDI % Contrib. CDI % Contrib. 

(mg/kg/d) (mg/kg/d} ILCR TotaiiLCR (mg/kg/d) HQ HI 
1.00E-03 5.2E-08 -- -- 4.1E-07 4.1E-04 1% 

NA 1.1E-10 1.6E-09 4% 8.3E-10 -- --
3.00E-05 8.7E-10 3.5E-08 95% 6.7E-09 2.2E-04 0% 

NA 9.3E-07 -- -- 7.3E-06 -- --
1.43E-05 9.2E-08 -- -- 7.2E-07 5.0E-02 99% 

NA 6.5E-10 -- -- 5.1E-09 -- --
NA 7.3E-11 -- -- 5.6E-10 -- --
NA 3.9E-11 -- -- 3.0E-10 -- --
NA 5.9E-11 1.8E-10 0% 4.6E-10 -- --
NA 1.0E-10 -- -- 7.8E-10 -- --
NA 4.0E-11 -- -- 3.1E-10 -- --

TotaiiLCR: 3.7E-08 100% Total HI: 0.1 100% 
-----

5.1E-02 
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